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.54» Method and Apparatus for 
Providing the Inner Surface of a Pipe 
with a Flexible Tubular Lining 
Material Through a Liquid Resin 
Under Pressure 

(57' A method for providing the inner 
surface of a pipe with a flexible tubular 
lining materiai 46 which comprises 
annulariv fixing one end of a flexible 
tubular lining material, applying fluid 
pressure to the rear of the annularly 
fixed position of the flexible tubular 
lining material, turning the tubular 
lining material inside out at ? turning 



point 1 20 to the rear of the fixed 
position while allowing the turning 
point to advance within a pipe, 
forming a reservoir 1 1 3 of a liquid 
resin enclosed in the interior of the 
unevaginated portion of the tubular 
lining material to the rear of the 
annularly fixed ;^ortion while applying 
external fluid pressure to the portion 
of the tubular lining material where 
the reservoir is formed, passing the 
tubular lining material through the 
reservoir to apply the liquid resin onto 
the inner surface of the tubular lining 
material, squeezing the tubular lining 
material to adjust the amount of the 
liquid resin applied, supplying the 
tubular lining material to the 
turning point where the 
tubular lining material is evaginated 
and attaching the evaginated tubular 
lining material under fluid pressure 
onto the inner surface of the pipe. 
Apparatus for performing the method 
is opsrribod. 



: ^ :S pripT embodies a correction 
'■ijfle under SecTion 1 1 711 1 of 
Paii.r^Ts Art 1977 
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SPECIFICATION 65 
Method and Apparatus for Providing the Inner 
Surface of a Pipe With a Flexible Tubular Lining 
Material Through a Liquid Resin Under 
5 Pressure 

70 

The proseni invention relates to a method and 
an apparatus for providing the inner surface of 
pipe lines such as those made of steel or the like 
metal, concrete pipes or rigid resinous pipes, with 

10 a flexible tubular lining material through a liquid 75 
resin under pressure. More particularly, the 
present invention relates to a method and an 
apparatus for providing the inner surface of pipe 
lines, chiefly those already constructed, for 
15 example, underground pipe lines Such as gas 80 
conduits, city water pipes and pipes enclosing 
power transmission wires or telephone cables, 
with a lining to reinforce the pipe lines or to repair 
damaged portions thereof. 

20 It is welt known then when underground pipe 85 
lines for gas or water are superannuated or 
damaged, gas or water leaks out causing a great 
deal of trouble and that dam.aged pipe lines or 
casings enclosing power transmission wires or 

25 telephone cables result in accidents caused by 90 
electric leakage or crossed wires. A 
countermeasure from the past to prevent these 
troubles is that when these underground pipe 
lines are superannuated, the pipe lines are dug up 

30 over a length of several ten to several hundred 95 
meters and replaced with new ones. In this case, 
however, the supply of city water and gas has to 
be discontinued for a long period of time until the 
pipe replacement work is finished. When 

35 superannuated pipes are buried under the public 1 GO 
roads, a great deal of trouble and inconvenience is 
caused since traffic on the roads is limited during 
the work of digging up the superannuated pipes 
and replacing them with new ones. Furthermore, 

40 much labour and cost are involved in the renewal 105 
of the pipes, in addition to the difficulty of the 
work itself of pipe exchange. What is more, it is 
not unusual for the known methods for renewing 
deteriorated or damaged pipes to be unusable, 

45 depending on the particular situation of the place 1 10 
where the pipes are buried. Thus, there is a great 
demand for the development of a new method for 
repairing or reinforcing pipes, especially those 
buried in the ground, which does not involve any 

50 difficult work, for example, digging up to the 1 1 5 

buried pipes. 

In recent years, a strong probability of big 
earthquakes has been reported in many places in 
the world with the development of a refined 

55 earthquake predicting technique. Consideration 1 20 
has thus positively been given to the 
reinforcement of underground pipes, regardless of 
whether these pipes are superannuated or not, to 
protect them from damage by earthquakes. A 

60 method wherein a flexible plastic tube is inserted ^25 
into an underground pipe and bonded to the inner 
surface thereof has recently been proposed for 
attaining both the purpose of repairing the 
damaged portions of the pipes and reinforcing the 



pipes so as to withstand the mechanical shock 
caused by an earthquake. In such a method, 
however, the step of insening the flexible tube 
into the underground pipes is extremely difficult 
and is almost impossible to carry out in places 
where the pipes are long or have several curved 
portions. 

Under these circumstances, a new method of 
providing pipes with a lining material with 
evaginaiion wherein a flexible tube is inserted into 
a pipe while turning the tube inside out by the 
action of a pressurized fluid such as compressed 
air and bonded at the same time onto the inner 
surface of the pipe by the aid of a binder was 
developed and has particularly been watched with 
interest in recent years. This method is 
advantageous in that the insertion of a lining 
material into a pipe is easy and requires only a 
short period of time, the lining material is easily 
bonded onto the inner surface of the pipe; the 
treatment is applicable to pipes of a large or small 
diameter; and the process is operable even when 
the pipe has several curved portions. A method of 
this type is disclosed in U.S. Patents Nos. 
2,794,758. 3.132.062. 3,230,129 and 
3,494.813 and British Patents Nos. 1.025.01 1. 
1.069.623 and 1,002.131. 

British Patent No. 1 .002. 1 3 1 relates to a 
method and device for evaginating a flexibile tube 
but fails to give any descnption or suggestion of 
the insertion of the tube into a pipe. British Patent 
No. 1.025,011 discloses a means for inserting a 
tube into a pipe while turning the tube inside out. 
In this patent, however, the tube is not bonded to 
the inner surface of the pipe and no technique is 
disclosed for this purpose. U.S. Patents No. 
2.794.758. 3.123.062 and 3.494,813 and British 
Patent No. 1.069,623 disclose, respectively, a 
method for inserting a tube into a pipe while 
turning the tube inside out and bonding the tube 
onto the inner surface of the pipe. However, all of 
these known methods disclosed in these patents 
require the previous application of a binder onto 
the inner surface of a pipe or tube prior to 
insertion of the tube. When a tube is bonded as a 
lining to a pipe, an ordinary binder containing a 
volatile component cannot be used because both 
pipe and tube should be impervious. In such a 
method, therefore, the only binder which can be 
used must be of such a type that it contains no 
volatile component and a resinous component 
which is curable with the lapse of time. When a 
binder is previously applied to the inner surface of 
a pipe or tube, a considerably long period of time 
is required for the binder to be prepared and 
completely applied to the inner surface, so that 
curing of the binder begins prior to the insertion of 
the tube into the pipe, thus resulting in insufficient 
adhesion of the ilnmg to the inner surface of the 
D"pe Trie use of a binder having an extended pot 
iife is thus requtreo to prevent such premature 
Curing but the time necessary for complete curing 
of the binder after the insertion treatment of the 
tube beco'^^rs nevltabty »ong 

US Pa:*--: Nc 3 230 ^ 29 discloses a method 
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one •MK) theieof whde 10^1:0-;) i\^o tube Inside out 
and (i.ishing the binder forwarM thoreOv bonding 
5 !he ovviymaied portion or t^e tut^'i onto the inner 
surface of the pioe by the aid of the binder 
re^i^iilnl(U) on the inner Surface However this 
method also has a number of drawbacks. First of 
all. the (.luantily and dliitributior^ of the binder 

10 cannot be controlled at all so that the binder is 
almost «'it)sent in somo areas between the pipe 
ant* the tube but is present in sor>ip areas in an 
extremely large amount between the pipe and the 
tube which is sufficient to make the path of gas or 

15 wateMocally narrower. Secondly the ninder must 
be used iri an amoui^.t !art^er thar» that needed for 
bonding the tube to the pipe because the tube is 
allowed to proceed with simultaneous 
evagination within the pioe while pushing the 

20 binrier The excess amount of the binder in this 
case is then discarded. Thlrriiy when the pipe is 
inclined, for example, it^ such manner that the 
entrance of the tube Is lower, the head pressure of 
the binder acts on the top or turning point of the 

25 proceeding tube where evagmation occurs, so 
that the pressure required for evagination of the 
tube fluctuates and the amount of the binder 
interposed between the pipe and the tube tends 
to vary. 

30 Therefore, none of the prior art methods 
succeeds in providing pipes, especially those 
buried in the ground, with a lining according to a 
simple operatiof* conducted in situ without 
moving and disjointing the pipes. Thus, there is a 

35 great demand for the development of a method 
new method which entirely overcomes these 
drawbacks. 

We have now developed z new method for 
providing the inner surface of a pipe with a 

40 fiexitjie tubular lining material b" :nserting the 

tubular lining material into the pi je whi»e Turning 
the tubular lining material inside out applying at 
The same time a liquid resin onto the inner surface 
of t»^e tvjbiilar fining mat^'lai uo.forTilv in a 

45 fte-'i't'? thickness and boiul:? y t'le Unlng materuii 
ontr; tt^e inner surface of x^^K: O'oe with the liquid 
resin t;o'ny interposed ihe''ebet\'. eon unde' 
pressure 

Accordingly, tnt? prpser^t invention provides a 

50 moThoi'i *or provl'ltpg :n»- i-.-.e*' surf^jce of a pipe 
With a f'^'*i!)fe !u )ulC'' !in.*'g "»"^-jter'ai which 
'■.or"Mr*.s«''s anouiiiriv ^>i''H^ one er^r: of a flexit)"e 
:ub;j*»i' rnj n-.dteria' applyir^.y ?'utd pressurr to 
:h*- 'e.^f r»"e a^nuia^'lv '.xert ooslTion of the 

55 *'e^ :)-e tijt)ular hnrng mate^'lai. turning the tubular 
It'H'-c; ^Mterio' inside out at a Xur-> ny point to the 
rea' of the fixed position whlie avowing the 
t'jrrmq pomt to Hdvanco withir^ a pipe, forming a 
'p^t•'•. rur ,-,f .) 'iQuld Tfisio encloscc: if* the Intcrio' 

60 of !ho ,i''»*vay-nated portion of tl^v tubular linlr>g 
mat».*r;a* to the rear of tfie annuia*' -Ixed portion 
while applying external flui(j pressure to the 
pO'^t'O*'. of the tubular lining n^aterlai where the 
M.»se'vt);' <s formed, passing the tut)uia'' linitig 

65 mat^f-ai through the reservoir to app'y the lirju:'! 



iebtr\ unto the :tu,*:: surf.ice vjf the tut)uldr lining 
mjierial S(iueezit>y ih»* uibuljr lining material to 
adiust the amount of the liquid res.n applied, 
supplying the tubular lining material to the turning 
70 point where the tubular lining material is 

evntjinaied and attaching the evaglnated tubular 
lln;ng material uncJer fluid pressure onto the inner 
surface of ifie pipe 

The method of the itivention enables a flexible 
75 tubular lining material for reinforcement to be 
bonded firmly onto the inoc: surface of a pipe 
using H liquid resln. The method also enables a 
liquid feslf> to be applied evenly onto the inner 
Surface ot a pipe by the insertion of a flexible 
80 tubular material into the pipe while turning the 
tubular material inside Out. arid the application of 
a liquid resin at the same tlm.e evenly onto the 
Inner surface of the tubular material. 

The method of the Inventlcn also enables the 
85 thickness of a liquid resin applied onto the inner 
surface of a f!exib'e tubular lining material to be 
readily adjusted and an extremely long flexible 
tubular lining material to be bonded onto the 
innf?r surface of a plp6 with a liquid resin of a 
90 definite thickness being Interposed therebetween 
under pressure. 

The invention also provides an apparatus for 
carrying Out this method. 

It has now been found surprisingly that the 
95 above mentioned disadvantages of the prior art in 
providing a pipe with a lining can entirely be 
overcome by a method wherein a reservoir of a 
liquid resin is formed in the interior of the 
unevayinated portion of a flexible t jbular lining 
100 material positioned tr^ the 'ear of the fixed point of 
the lining materia* to a p ::e a ^luid pressure is 
applied externaiiy to the *jor:.0''. of the lining 
material where the res^^'vo *- .s formed thereby 
pushing tho llnmy r-.,r.*:' ^ rud ^iPdcr 

105 evaginatton VL'lthTn t^'e poe a^a squeezing the 
lining material at the sarr^o t = r^.e to adjust the 
quantity of the liquid res-- apu^ed onto the inner 
su-^ai f. o- trse '•nin.-; ma:*^- a' 

1 10 u:i(!»*rsN) I t fr(j^^ The 'o'''''.v 't: ■i»-*;cr iptiOO lakCO 

• r^ t.o' /i'^*::! or vf: joT^pa'" ving drawings 

• r- whirr. 

Piq t .s a s"^er^'3tic s<r^e view showing an 
J it. . f)* e ;k:p r itsjs o* :'"S ir-'ventiuf> 
115 F-g / s a P'.-:sp»'.'Cttv v. showing a 

Fk'jn 3*a> ar»: fl',iyr j-ns showirig the 
procedure <>f the methorl of this invention using 
t»>e apt)aratus shown in Fig. 1 
120 ^'Ci 4 IS a longdiitiinal sef.tional view showing 
a jrUjfi; of iMe pressure cyU'wler 

Fig 5 is a longiturlinal ser:tior^a' view showing 
;)'.f, v.i'-.int f»f ;jr;:v;',;;f t- cylinder 

f- '.; ts a sf.M» :n,»tl': ^••t*- Showing 
1 25 a'w. :'•»-• ' x.irnp:*; of thr- a;j:>.t' n-iS of this 
•r vv* * ;,'»it r^ l)r:'i';t;r-H' vJSf: 

p.. J, 7\-(. ,|r.-» s- Mi."n.!t.r. sl(i*J vit^ws 

s*iri/. • : V'.f* t. 'ri--, -'^^ .. ;•)•!' ().*^tN o* the 
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pKj B is .) ptMSr-ectivc view showing an 
exjrnpk' of the variable squo^^^ing device 

Fig. 9 is a sectional view showing the variable 
squeciinq clevice put in action 
5 Fig. 10 is a sectional view showing a moving 
plate of the variable squee7ing device. 

Fin 1 1 is a sectional view showing the variable 
squeezing device relieved from action. 

Fig. 1 2 is a cross-sectional view showing a 
10 shut-off device of the apparatus shown in Fig. 7(c) 
put in action. 

Figs 1 3(a) - {d) are diagrams showing the 
procedure according to one embodiment of the 
method of this invention using the apparatus 
1 5 shown in Fig. 6. 

Figs. 14(a) — 14(d) are diagrams showing the 
procedure according to another embodiment of 
the method of this invention using the apparatus 
shown in Fig. 6. 
20 ^'gs 1 5(a) — 1 5(d) are diagrams showing the 
procedure according to still another embodiment 
of the method of this invention using the 
apparatus shown in Fig. 6. 

Figs. 16(a) and 1 6(b* are diagrams showing 
25 the procedure according to further embodiment of 
the method of this invention using the apparatus 
shown in Fig 6. 

In Fig. 1 . an example of the apparatus of this 
invention consists of a pressurizing evagination 
30 device 1 0 and a supply device 1 02 for a flexible 
tubular lining material 46. The pressurizing 
evagination device 10 consists of two 
compartments, a pressure container 12 and a 
pressure cylinder 76. partitioned with a bulkhead 
35 58. the two compartments being connected to a 
pressure supply device. The pressure container 1 2 
has 0 drum 1 4 and a bottom plate 1 6 provided in 
the cev.trai part thereof with a connecting 
assi.-n-kbiy 20 through a disch.trge pipe 1 8. The 
40 connectioy asoembJy 20 comprises a nozzle 26 
fixed integrally at the rear end to the tip of the 
discharge pipe 18 and provided with a surface 22 
tapered to the end and witli a male screw 24 at 
the outer periphery thereof, a connecting pipe 38 
45 pruvicierJ at the rear end thereof with a step 28 
and a tapered surface 30 fitting the tapered 
surface 22 and at the front end thereof with a 
flange 36 to be connecte(i to a flange 34 of a pipe 
line 32 to be treated, and a fastening pipe 44 
50 forming on the inner periphery thereof a female 
screw 40 to be engaged with the male screw 24 
and provirierl at the front cr^d thereof with o step 
42 which is fit to the step 28. A pair of the 
tapered surfaces 22 and 23 functions as an 
55 anruji.ir fastener and the front end of the tubular 
lining material 46 is fixed to the connecting 
assembly between the tapcrecJ annular surfaces 
22 and 23 forming the annular fastener. The rear 
pOf!''*" (if th*» (iri;m 14 is Opened and forms at the 
60 r,;,)r fM.j ;h*-f#rof d femal(? screw 48. In front of the 
frrp;jti' S' 48 is formed an inwardly extending 
nnni. '*ir p'ri!ijl)er(»nco 50 to which the bulkhead 

58 .»::,ichoff Thr pressu'** CC'-Halner 12 is 
prr* ,••(!••;! .v :t - inlot 74 for pr ^?SS- j» i/» cl fluid. 
65 T»w. ,s ::vl:'ido' /6 *''*s ;T ''"v'»'*^dric;il drum 



* d >'*M :-i fli^n^elcr t l\j:: :nt.- jr ^^ni 14 and j:i 
open f'ont end whtch is Ovj!v\3rdlv extencJing 
anritiKir pi otutjer ance 80 The buiknead 58 and 
the annular protuberance 80 are tightly fixed 

70 through packings 82 and 84 to i^^o annular 

protuberance 50 by means of d fastening ring 52 
forming on the outer periphery ihertjof a male 
screw 54 to be engaged with the femaie screw 
48. The pressure cylinder 76 is provided with an 

75 inlet 88 for pressurized fluid and is dosed at the 
rear end of the drum 78 except ? slit 86 through 
which the tubular lining material 46 passes in a 
flattened form. 

The supply device 1 02 consists of an 

80 evagination velocity controlling assembly 104 
and a reel 106 on which the lining material 46 is 
wound. The evagination velocity controlling 
assembly 104 involves a pair of rolls 108 and 
1 10 finding a path of "S letter for the lining 

85 material 46 and a motor 1 1 2 for positively 

rotating the roll 1 10 so that the running speed of 
the lining material reeled off is adequately 
controlled by varying the rotation speed of the roll 
110. 

90 The other (rear) open end of the tubular lining 
material 46 is connected to o rope for cord) 1 14 
having a length at least equal to that of the lining 
material. The rope 1 14 and the lining material 46 
are wound on the reel 1 06 in such manner that 
95 the rope 1 1 4 first comes. Utilizable as the rope 
1 1 4 are flexible ones such as belts, tapes, ropes, 
wires and cords possessing a sufficient tensile 
strength. The use of a fiat one such as a belt is 
preferable in the present invention. 

100 The lining material 46 used in the present 
invention is flexible and impervious and in the 
form of CI tube. The lining material should be so 
flexible that it can very easiiv be folded in 
fifitt^v^e.'i stHtf.' nnd (.-xpiinded to ?. cylindrical form 

105 h\ .n::t*ilcation of into: :••('!' prfsswrc As base 
mate'ials for the llninq materia! 46. natural 
rubber poiychloropfne s^v'cne butadiene 
rut)ber nitriie rubber, ethylene propylene rubber 
butv' rubber anrl the \Av. sv»"ttietlc rubbers. 

110 po^^mide poiyijfCthaMt). polvoif'fir- polyvinyl 
chlorifjc elaston'»ers of a polyester resins antJ 
oThrT Synthetic resins c on^e into fivjestion. 
Utiii/aljle as the flexible tubular lining material for 
the present invention is for example, a flexible 

115 tuhuur material manufactvjf er! l>y honcJing a 

coatinc) of surh l>as».» rvi;»:.Ti,-!i !n:eqrailv onto the 
Oiii*.*f periphery of ii !ttbu'<*' te*T''e jacket made of 
f'i'iturai fibc?' suc*' as cottt>:'> ot h»jmp. a fiber of a 
syntheiic resin sucf' as polyvftyi alcohol, rayon. 

120 poiviwnldo polyest^'r or pn've!^:e' o» an inorganic 
fibe» Such as glass fiht»r or carbon;*»:eous fiber, 
wover^ knitted In a twb.j'.i* i^.'t^^ A i ihuUir 
tpxt^'e jacket made of a sy'^th«;!ij flb'.'r 

p(>'y'*s:»'f seri»*s krvTt«»(! «i tub :\:\* ti.r;n vvhlrh 
125 has I'-'VTt l oaterl en . ')u!*.'r s,;:fii; e with a 

pt»'v?*s!f-' t!>astonM»r is espe':ia!iv prt;feral)Ie as a 
Ii:: materit^fo' i>:;m;s T»ia ooiyest'rr elastomer 
ts ,1 \>^n':^ '..(jpol', nw-' (;f jn jrortiatic polyester and 
(*if^ a''p'\i'''" :".r)'y'::h*.T;iioi and is rega'ded as a 
130 tt''.^"^*';:. fes«'i v.*^'- s flexible nnd 
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gas-imperviouS and is excellent in rubbery 
elasticity, motdabiliiy. heat-resistance, weather- 
resistance, water-resistance, oil-resistance, 
chemicals-resistance and abrasion-resistance. 
5 This elastomer is suitable as a base material for 
the lining material, because of its high tensile 
strength and tear strength and its good adhesion 
(o synthetic fiber of polyester series. This 
elastomer is commercially available under the 
10 registered trademarks Hytrel IDuPont, U.S.A.) 
and "Pelprene" (Toyobo, Japan). 

The pressure supply device is connected to 
both the pressure container 1 2 and the pressure 
cylinder 76 through the inlets 74 and 88. 
1 5 respectively, and comprises a compressor TOO. 
pressure control valves 96 and 98, valves 90, 92 
and 94 and pipe lines connecting the pressure 
container 1 2 and the pressure cylinder 76 to the 
compressor 1 00 through these valves. The inner 
20 pressure of the pressure container 1 2 is usually 
kept almost equal to that of the pressure cylinder 
76 by the action of the pressure control valves 96 
and 98 but it is possible to make a pressure 
gradient between both compartments 1 2 and 76, 
75 if so desired. 

As the front end of the tubular lining material 
46 is fixed in evaginated state to the annular 
fastener, a turning point 120 at which evaginalion 
occurs exists in the lining material 46 in slight 
30 rear of the fixed point. When the fluid pressure is 
applied to the pressure container 1 2 and the 
pressure cylinder 76, the lining material 46 is 
pushed forward within the pipe 32 as shown by 
the chain line whereby the turning point 1 20 
35 advances correspondingly. 

The tubular lining material 46 is previously 
charged in the interior thereof with a liquid resin 
1 1 6 as binder to form a reservoir 1 1 8. The 
portion of the lining material 46 where such 
40 reservoir 1 1 8 is formed is placed in the pressure 
cylinder 76 and partitioned from the pressure 
container 12 by the bulkhead 58. 

When the tubular textile jacket having a 
coating of rubber or a synthetic resin on the outer 
45 surface thereof is used as the lining material 46, 
the liquid resin 1 1 6 as binder present in the 
interior of the tubular textile jacket is entered in a 
sufficient amount into interstices formed in the 
reticulate structure of the textile jacket. When the 
50 lining material 46 carrying a large amount of the 
liquid resin is turned inside out within the pipe 32. 
the liquid resin-coated inner textile surface of the 
lining material is changed to the outer surface in 
contact with the inner periphery of the pipe 32 
55 and bonded thereto firmly with the aid of the 
sufficient amount of the liquid resin whereby a 
strong reinforcing layer having a structure similar 
to FRP is formed on the inner surface of the pipe 
32. By providing the pipe with such reinforcing 
60 layer, even a superannuated pipe can be 
reinforced and withstands the use for a long 
period of time. 

In Fig. 2 showing the details of the bulkhead 
58, a disk 60 serving as a partition wall is 
65 provided at the central paa thereof with a s»it 62 



through which the lining material 46 passes. The 
slit 62 also serves to adjust the quaniity of the 
liquid resin H 6 as binder to be applied onto the 
inner surface of the lining material 46. In this 

70 case, the width of the silt 62 is determined taking 
the amount of liquid resin 1 1 6 to be applied and 
the thickness of the lining material 46 Into 
consideration. It is preferable to provide the sUt 
62 with a device for externally adjusting the width 

75 precisely. A p'?:e 68 having a notch 66 Is 

movably supported on the front side surface of 
the disk 60 by means of a shaft 70 so that when 
the plate 68 moves downward, it is contacted 
with a packing 72 to shorten the length of the slit 

80 62. 

In Fig. 3(a) is shown the first stage of the 
method of ihis invention using the apparatus 
shown in Fig. 1 . The lining material 46 wound In 
flattened state on the reel 1 06 is reeled off and 

85 the front end thereof is introduced into the 
pressure cylinder 76 through the vagination 
velocity controlling assembly 104 and the slit 86 
formed in the rear pan of the cylinder. In the 
pressure cylinder 76, a sufficient quantity of the 

90 binder 1 1 6 is poured into the interior of the lining 
material 46 to form a reservoir 1 1 8 for the binder. 

As the binder is used over a broad area to bond 
the lining material 46 onto the inner periphery of 
the pipe 32. the binder should preferably be non- 
95 volatile, or in othc^ words, should preferably be 
free of any volatile matter such as a solvent or 
moisture. Thus, the use of a non-solvent type 
binder which is self-curable at ordinary 
temperature or curable merely by heating is 
100 desirable in the present Invention. Illustrative of 
the preferable binders are. for example, those of 
epoxy type, acrylic type and polyester type. The 
liquid resinous binder into which micro-capsule 
containing a curing agent or curing accelerator 
105 have been dispersed can also be used effectively. 
Any of the binders can be used in the present 
invention according to the intended purpose. The 
quantity of the binder 1 1 6 to be charged into the 
lining material 46 is easily determined taking into 

1 10 consideration the amount of the binder to be 

applied to the lining material 46 of a unit length 
and the full length of the lining material 46 to be 
applied onto the inner surface of a pipe 32. 
The lining material 46 is again flattened and 

1 1 5 passed through the slit 62 in the bulkhead 58 and 
the front end of the lining material is fixed in 
evaginated state to the annular fastener of the 
connecting a^-sembly 20 positioned in the 
pressure container 1 2. The connecting pipe 38 is 

1 20 then connected to the pipe 32 to be treated and. 
on the other harid. the fastening ring 52 is 
engaged with the female screw 48 to combine 
the pressure container 12 integrally with the 
pressure cylinder 76. The portion of the lining 

1 25 material 46 where the reservoir 1 1 8 Is formed is 
placed on the shelf 64 m the pressure cylinder 76. 

In Fig 3fb' showing the second stage of the 
method of tr»is invention, fluid pressure is aDpl»ed 
to bo:^ :^e yrtjssure container 1 2 and the 

130 y'essv.'*^ Jv"'u;*»' 76 for example by sending 
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inu>tt' ssi" I .111 II i:i I Mil' inltMS 74 88 
.11 liu: s:»fiw- i.Mi»; ihr t.'v.uiinaiiOM vtilocily 
ui)Mif ollmij .iss»'fnhlv 104 is o()t!r»iU;(l lo piish the 
Itnidij niotiMutl 4 6 ftirward within tlie pipe 32 
5 whtMet)v iht; hirnin(| point 1 20 of the lining 70 
nvM^'rial 46 fortnerl in shytu rear of the annular 
fasient:r is prossijri?t;ti intornally TO push the lining 
(iiaierial 46 foiward whilt; turning i( inside Out. 
The *;vayinaiecl porttun u\ the lining material 46 

10 has a layer of the binrJtjr on the Outer surface 75 
thereof and Is ruadily attached under pressure to 
tho inner surfjr.e of the pipe 32 with the layer of 
the binder bf.'ifHj iniiMposod therebetween. 

With the advance of the turning point 120. the 

15 lining matef<aMs supplied frorn the device 1 02 80 
through the assembly 104 and the slit 86 and 
th(»n passed through ifu? reservoir 1 1 8 in the 
pressure cylinder 76 and the slit 62 whereby an 
a(1juste(l amount of the binder 11 6 is applied onto 

20 the inner surface of ifie lining material 46. 85 
In Fig. 3tci showing the third stage of the 
method of this invention, supply of the lining 
material 46 to the pressurizing evagination device 
10 has been finished and therope 1 14 connected 

25 to the rear end of the lining material 10 is 90 
Successively supplied to the device 10. An excess 
an-oiint of the binder 1 1 6 enclosed in the lining 
material 46 is squeezed ei the slit 62 by the action 
of the pidtf 68 and drops on the bottom of the 

30 pressure cylinder 76. The excess binder is 95 
rer:overed after completion of the treatment. As 
the plate 68 has a notcli 66 to shorten the length 
of the slit 62. the plate 68 drops as soon as the 
lining material is passed through the lower end of 

35 the plate 68, whereby only the rope 1 1 4 is 100 
allowed to pass through the slit 62 and any 
excess binder remaining on the shelf 64 is not 
permitted to pass through the slit 62, 

In Fig. 3(fi.i showing the fourth stage of the 

40 method of this invention, bonding of the 105 
evaginated lining material 46 to the inner surface 
of the pipe 32 is finished over the full length of 
the lining material and only the rope 1 14 is 
retained in the pipe 32. The bonded lining 

45 materia! is allowed to stancJ as such for a while 110 
until the curing of the binder is finished. 

In Fig. 3(e) showing the last stage of the 
method of this invention, the device 10 is 
removed and both edges of the lining material 46 

50 are cut off \ .'hereby il>e application of the lining i 1 5 
material 46 onto the inner surface of the pipe 32 
is finished. 

According to the method of this Invention, a 
reservoir 1 1 8 for the binder 116 1s formed in rear 

55 of ;he prftssure container 1 2 and the lining 120 
maie'ial 46 is provided on the inr.er surface 
thereof with a layer of the binder 1 1 6 when 
passed throtjgh the rosorvu<r 1 1 8 'The ar^ount of 
W- binder ^pp'-*'d .s adj :*stO(^ v.hen :ho lining 

60 mciio'ia .s p;*ss».'d :iifo-.*;j'' si;* 62 'n tM>» i25 
bulkhead 58 Tho i,!>'uj fv.nteflai 46 :^ujs treateci 
is then evaginat'Mi device 10 O'ni t»0!ided 

(intl.rf pr^v su O'tlt.* irM^er Sij^face r>f the ;j!pe 
32 In the meii'od (jf th s 'v.orv.ion t^.e^eforo ll is 

65 not necessarv to apply :)'»rv:Ou5i\ :he tjlnde^ ^ ^6 l 30 



t»ve'>lv imio Ihf iiuw.'f Surlace of the lining material 
46 Tht' binder 1 1 G rn^ty !)e freshly prepared just 
t;elt)rtf th.; tnMHni:ni m lh(.' method of this 
invt.'ntit)i> As the lime rc(juired for the operation is 
relatively short in the method of this inventiorv a 
binder !iaving a relatively short pot life can also be 
employed without trouble. In addition, the lining 
material 46 can be bonded firmly and evenly onto 
the inner surface of the pipe 32. 

One of the characteristic features of the 
present invention residc*s in (a) tho formation of a 
reservoir 1 1 8 for the binder 1 1 6 in the interior of 
the lining material 46 placed in ifie pressure 
cylinder 76 and (bl the application of an external 
fluid pressure at all times to the portion of the 
lining material 46 where the reservoir 1 18 is 
formeti. If the external fluid pressure is not applied 
to the pressure cylinder 76 whert? the reservoir 
1 1 8 exists, the external pressure is only applied to 
the pressure container 1 2 where the lining 
material 46 is also pressurized externally whereby 
the binder 1 1 6 attached onto the inner surface of 
tho lining material 46 is pushed backward from 
the slit 62. According to the present invention, 
however, external pressure is applied not only to 
the pressure cofitainer 1 2 but also to the pressure 
cylinder 76 so that the pressure in the two 
compartments 12 and 76 is kept in equilibrium 
state. Thus, the external pressure applied to the 
lining material 46 in front and rear of the slit 62 is 
balanced so that an adequate amount of the 
binder 1 1 6 is applied onto the inner surface of the 
lining material 46 when the lining material is 
passed through the reservoir 1 1 8. As the two 
compartrrenis 1 2 and 76 in the device 10 are 
separated with the bulkhead 58. the pressures in 
both compartments can be controlled separately 
to form a pressure gradient between them. For 
example, the amount of the binder 1 16 applied 
onto the inner surface of the lining material 46 
can be adjusted by controlling itie fluid pressure 
in the presstjre container 1 2 and the fluid 
pressure in the pressure cylinder 76 separately to 
form a pressure gradient between both 
compartments. Mort? precisely if the fluid pressure 
in the pressure cylinder 76 is higher than that in 
the pressure container 1 2. the amount of the 
biiider 1 1 6 appHec) onto the ir.r.er surface of the 
lining material 46 will be increased. On the other 
harKl. if the pressure in the pressure cylinder 76 is 
lower than that in the presstire container 12. the 
amount of ttic binder 1 1 6 applied onto the inner 
surface of the lining materia! 46 will be 
decreased. In arMltior^. the fluid pressure required 
for evagination o\ the lining material 46 may be 
varied accofciing to the condition of the pipe 32. 
For example, if ihe pipe 32 is bent in several 
portions, a higher pressure will be required to 
allow the turning point 1 70 of the lining material 
46 pass tht; b* i.' portions. W^en a higher fiuid 
pffssurt; is api:-:*Mt :o tn-; pfesstj.'t' .joniain'^r 12 
f(>* t^.ls piiTpus*;. \\ ^ .r^io.if^.t o' the binder 1 16 
appi'e'd ontC) thtr ;pf:er Surface of th.e lining 
nifite'la* 4G will \o decrease evc'^ if the 
D'eb*Mjr»* (.'fji.a' !'. *• P'esSiJ'e onta 
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cMsif a ^>t<j^^ t>f»-'ssur»: IS :jpplitMl 10 i*^t- oressurc 
Lvl'n(1*,*r 76 \o prevent change tn the nmour^t 
of the hmfJer 1 1 6 appliecJ Furiher the quantity of 
5 the t>ifMJef 1 1 6 applied onto the inner surface of 
the linin'j mat*;rial 46 tends to decrease also in 
iho ev*Mit the ev;ujination of the lining material 
proceeds and the amount of the binder 1 1 6 in the 
reservoir 1 18 is decrtjabcd In such case, the 
10 problems will he sc)ivc(i hv increasing the 

pressure In the pres«;urc cylinder 76 gradually. 

In the application of a lining material onto the 
inner surface of a pipe, it is generally desired to 
use a large amount of a binder for ensuring strong 
1 5 adhesion of tfie lining material to !he pipe 

Accurriingiy. it is prrferahic in the method of ihis 
invention to maintain the pressure in the pressure 
cylinder 76 at least equal, preferably somewhat 
higher than that in the pressure container 12. 
20 In the apparatus shown in Fig. 1 . it is supposed 
that the binder 1 1 6 may rounterflow beyond the 
slit 86 if the pressure in the pressure cylinder 76 
becomes higher. In the practical use. however, no 
counterflow of the binder 1 1 6 was found even in 
25 the case of increasing the pressure in the pressure 
cylinder 76. probably for the reason that the 
l)inder 1 16 is viscous and the lining material 46 is 
continuously supplied from the device 102. 
Fig. 4 shows one example of the modified 
30 pressure cylinder 76 wherein the slit 86 is 

mounted to the upper portion of the rear end. The 
lining material 46 introduced into the pressure 
cylinder 76 through the slit 86 once descends and 
passes through the slit 62. In this modification, a 
35 sufficient amount of the binder 1 1 6 can be 
applied onto the inner surface of the lining 
material 46 by the head pressure of the binder 
1 1 6 in the reservoir 1 1 8. 

Fig. 5 shows another example of the modified 
40 pressure cylinder 76 wherein the sheif 64 is 

constructed by a pair of frames 1 28 fitted to the 
rear side of the bulkhead 58 and a number of rolls 
1 30 mounted to the frame 1 28 According to this 
exar^';>lp it is of advantage t^at :he resistance to 
45 friction of the lining material 46 passing through 
v^-n foservoir 1 1 8 is minim);ed bv means of a 
number of The rolls 1 30 it is a'so possible to 
combine the modiftcarions shown in Figs 4 and 5 
to achieve furthc improved effects. 
50 In Figs. 6 and 7 is shown another or more 
improved example o* the apparatus of this 
Invention. An enlarged slfJe view of the apparatus 
shown in Fig. 6 is sfiown m three portions In Figs 
7(a)- -7(c) except thai some revision is made :n 
55 the part shown In Fig. 7(Ci 

In Fig. 6 and Fig 7(a)- a supply device 102 fo' a 
flexible tubular lining material 46 comprises a reei 
106 for the lining material 46 and a roHer- 
conveyer 1 50 anfj is ass*vnbied on a Dla:*orm r a' 
60 1 52 so that the devM:e 1 02 makes 'ise f freely 
movable. The reel ^06 comprises a ^a-^e l 54 
fixed to the rear pxjri of tr.e car ^ 52 a shaft 1 56 
mounted freely rotatah'v :o f'ar^e • 54 T».- 
rear open end of th** :^D.j*.-i^ i.vir.g "^d-o'-.r ^6 s 
65 connected to a he!: • '4 ^ -^-g:- at '•?-is' 



♦..'H.ijl t'.J Ih.it tit Iht; lining n t.ili.-r •,»! A*, \tt pii; ijtis*-' 
Sliown it\ Fig 1 thi; ht.»li 1 14 and th*^ lining 
matt?:iiii 46 iiie wound on thi; shaft 1 56 m such 
manfier that the bell 1 14 first comes and then the 
70 lining material 46 in flalienerl st.ite comes. 

The roller-conveyer 1 50 comprises a frame 
1 58 fix(.»fl to the platform car 1 52 and a number 
of rollers 160 mounted freely rotaiably to the 
frame 1 58 and supports the lining material 46 
75 reeled off front the reel 106. A large amount of a 
binder 1 1 6 sufficient enough to bond the lining 
material to the inner surface of a pipe 32 to be 
treated is enclosed in the tubular lining material 
46 running on the roller-conveyer 1 50. The binder 
80 1 1 6 in this case Is also preferably free from volatile 
matif.TS ond Is desirably the one curable at 
ortflnary temperature or merely by heating. The 
binders mentioned in the example shown in Fig. 1 
also come into question. In front of the roller- 
85 conveyer 1 50 Is placed a nipping device 1 62 
which comprises a frame 1 64 fixed to the 
platform car 1 52 and a pair of rolls 1 66 mounted 
freely rotatably to the frame 1 64. The lining 
material 46 is aflowed to pass between the pair of 
90 rolls 1 66 to control the amount of the binder 1 1 6 
carried by the running tubular lining material 46 
whereby a large amov;ni of the binder 1 1 6 can 
gradually be earned with the lining material to 
prevent moving of the binder 1 1 6 in an 
95 excessively large amount at a time. 

In Fig. 6 and Fig 7(bt a pressurizing 
evaglnation device 10 Is assembled on a platform 
car 1 68 so that the devic*? 1 0 makes Itself freely 
movable The device 10 consists of two parts; a 
100 pressure container 12 a'uJ a pre:>sure cylinder 76 
separated by a bulkhead 58 The pressure 
container 1 2 has a cyi'ndrlca' dr-jm 1 4 which Is 
fixed to the platform car l 68 and is provided at 
the front end thereof v. -th a cover 16 having a 
105 discharge pipe 18 -n th.- -..v trai part thereof. The 
pressure container 1 2 is provided In the drum 14 
with an inlet for a pressurized fluid. Within the 
pressure container 1 2 is situated an rvagination 
velocity controlling assf;niblv 104 comprising a 
1 10 pair of the facing two cateipinar belts 1 72 each 

externally driven bv tw^-i wheels 1 70. A number of 
lateraliv extenriing proiut)erances 1 74 are formed 
on each c.'Merpliiar belt 1 72 in such manner that 
the protuberances 1 74 on the two caterpillar 
1 1 5 belts are faceri to '.-acfi other. The flattened 

tuf)ular lining ni.iterin' 46 is nipped between the 
facing prrituh'."a:^C'.'S 1 74 ainl conveyed forward 
t)V the ar.t'on of :.;*:*rrpii!ar tjoUs 1 72 driven at 
ar, air'i'JS! ':(r'S\»f'it si;-m;'J The evaglnation 
120 velocitv cr>nt'o-:r^.r^ assembly 105niaybe 
provided wt*h an aux'Sary rlevlce which can 
detf.'C* tn»; ter-s o;: of the i-ning material 46 in 
front of th'? asse'^Mjty 104 anri can control the 
spe*''l :»■«• ' tj'.'ts 1 72 so as to kr.-e;) 

125 !hf; i(.-"-S";" a'n">s' ^.r»r>st;)ftl at ail linvjs 

The t;ulkhr:a:! 58 i> rr.ounted to the rear encJ of 
the rJr jm 14 to separate the pressure container 
1 2 frf>n' prvssnri, cy'lrtrler 76 and has a 
•at'-'.i :r)rg s' t I 76 In the centra! pan thereof. A 
1 30 6^ s S<*»d *ft th*; rear side of the bu'khe:»d 



bS <n siu:h im.hwum iiwn trie uppi.-r surfdce of Uio 
shtilf 64 is almost Scitne in hoicjht iis the lower 
i;it(jc of tf^e slit 1 76. A scjuee/ing device 1 78 is 
fixed to the Iront sicie of the bulkhead 58. The 
5 structure ortd futiction of the squeezing device will 70 
be (U?scribod in detail hereinafter. 

The pressure cylinder 76 separated from the 
pressure container 12 by the bulkhead 58 fixed to 
the rear end of the latter comprises a front drum 

10 182 and a rear drum 184 ciich being usually 75 
rectangular or circular in cross-section and being 
fixed to the platform car 1 68. The front drum 1 82 
is provided with an inlet 88 for a pressurized fluid. 
Partition walls 1 88 and 1 90 are mounted 

1 5 between the front drum 1 82 and the rear drum 80 
1 84 af>d to the rear end of the rear drum 1 84. 
respectively, and have laterally long slits 192 and 
1 94. respectively, in the central part. Shelves 1 96 
and 1 98 similar in structure to the shelf 64 are 

20 fixed to the rear sides of the partition walls 1 88 85 
and 1 90. respectively, and on the other hand, 
variable squeezing devices 200 and 202 are fixed 
to the front sides of the partition waits 1 88 and 
190. respectively. 

25 In Fig. 6, an induction pipe 256 is inserted 90 
between a connecting assembly and the 
discharge pipe mounted to the front cover of the 
pressure container 12 The induction pipe 256 
itself is a flexible pipe such as a corrugate pipe, a 

30 flexible pipe made of rubber or a soft plastic 95 
material or a hose mjnufactured from the flexible 
pipe by reinforcing with a thin fabric. The use of 
such induction pipe is no: essential in the present 
invention but is preferable for treating pipe lines 

35 32 buried in the ground For this purpose a hole 100 
300 to be dug should be targe enough to 
accommodate the pressurizing evaglnation device 
1 0. the supply device 1 02 for the lining materia' 
46 and workers. The os»* o^ the inductio*^ pipe 

40 256 makes it possible to nvnirrtize tne size of !ho 105 
hole 300 and to leave most of the apparatus on 
the ground. The connection assembly may bo 
provided with a spray device 288 to reduce 
friction of the tubular lining material 46. 

45 In Fig. 7(bJ. the lining material 46 is introduced 110 
into the pressurizing evagination device 1 0 from 
the rear end of the pressure cylinder 76 through a 
second variable squeezing device 202. the rear 
drum 184. a first variable squeezing device 200. 

50 the front drum 1 82 and a squeezing device 1 78 in 115 
the written order and is pushed forward through 
the discharge pipe 18 by the action of the 
evagination velocity controlling assembly 104. If 
moving plates in the variable squeezing devices 

55 200 and 202 are rotated anticlockwise or. in 1 20 

other words, they are moved from the position of 
■ open * to the position of close' . the lining 
material 46 is squeezed so that the binder 1 1 6 
enclosed in the lining pi,iterial 46 and carried 

60 rherewiih is allowed to stay in rear of the variable 125 
squeezing devices 200 and 202. In this case, the 
llr "ng material 46 is air-iight!y squeezed by the 
aev»ces 200 and 202 so that the pressurized fluid 
in front of the devices 200 and 202 in the 

65 pressure cylinder 76 does not leak through the 1 30 



ilrvn t'^ .inil Vu* tUjul pfi.-^Min,' m fn)iit of t'ltrSc 
tlovtt:es is nMKitjmifd at j givtin pfHssurt; 
Hovvi.'Vi»r. the* flfvu.cs nuiy nol h;ive Surh j 
structure thai perfect airtightness is secured 
between thr movituj plate aivJ the lining fn;iterial. 
so far as air tightness to such degree that the fluid 
pressure in the pressure cylinder 76 is 
satisfactorily kept is guaranteed. 

In the evagination velocity controlling 
assembly 104. the flattened lining material 46 
having the binder 1 1 6 applied onto the inner 
surface thereof is nipped between the facing 
protuberances 1 74 on itie caterpillar belts 1 72 
and conveyed forward in such state whereby the 
binder 1 1 6 on the inner surface of the lining 
material 46 is locally squeezed in the nipped 
portions. The squeezed binder is temporarily built 
up in the portions of the lining material between 
ihe adjacent protuberances 1 74 but Is again 
dispersed evenly after passing through the 
assembly 1 04. The structure of the assembly 1 04 
is not limited to that shown in Fig. 7(b) If the 
assembly 104 is located in front of the squeezing 
device 1 78, howeve^ the assembly 104 should 
not be of such structure that the lining material 
46 is continuously nipped with a strong force. In 
this case, the lining material 46 should be nipped 
intermittently as shown in Fig. 7(b)- In addition, 
no limitation is set for the location of the 
assembly 104. If desired, the assembly 104 may 
be located in rear of the squeezing device 1 78 or 
even in rear of the device 1 0 as shown in Fig. 1 . 
When the lining material 46 is passed through the 
squeezing device 1 78 and the variable squeezing 
devices 200 and 202. however, a frictional 
resistance is produced which serves as an initial 
load and increases the force required fof 
evagination As iar ;<s the improved example of 
the method o* lh<s ifHcniiun is »Mnpioyed 
therefore xho location of the ass»v*-t)iy i04 .s 
preferably in front of the squOt-; ng devtce 1 78 
the pressuri? contain.:? 1 2 as sht;wn in Fig 7»b). 
to remove such inltia! load theft,*l)v weakening the 
force required for ev/ivjination 

As in the case ^r..}\\n In Ftg 1 the triieis 74 
and 88 fo' pressuri/ed fluid are connected to a 
compressor 100 through valves 90. 92 and 94 
and pressure regulating valves 96 and 98 The 
pressure container 1 2 and the pressure cylinder 
76 can be pressurized together almost at the 
same pressure or separately at different pressure 
by way of the valves 96 and 98 

In Fig. 7(c) is shown a connection device 230 
which connects tfie pressurizing evagination 
device 1 0 to a pipe 32 to be treated. The 
connection device 230 involves in the rear end 
thereof a shut-off device 232 as an optional 
device which on one hand can shut-off the path of 
fluid pressure from the pressure container 1 2 to 
the turning point 1 70 of lh^» li'-.iny materia: 46 on 
the way but send j givfii fluid pressure to the 
turning point 1 20 through a separate path and on 
the other hand can inhibit ttie forv^ard movement 
of the lining rn<M'.'fiai 45. This shut-off device 232 
is not used in usu.*: »'*.'airnents hut is necessary «f 
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any iroul)le occurs in the pressure container 10 or 
other fJevices in rear thereof. If a trouble occurs 
during the treatment, for example. In the pressure 
container 12. the device 232 is soon put in use 
5 for shut-off the path of fluid pressure from the 
pressure container 1 2, whereby the forward 
movement of the lining material 46 is stopped 
and at the same time a given fluid pressure is 
applied through a different route to the lining 
10 material 46 already evaginated and attached to 
the inner surface of the pipe 32 until the binder 
interposed between the inner surface of the pipe 
32 and the evaginated lining material has been 
cured under pressure. During the device 232 
1 5 being put in operation, the device where troubles 
occur, e.g. the pressure container 1 2 is relieved 
from the fluid pressure and the troubles can be 
removed. If any trouble occurs during the 
treatment in the absence of the shut-off device 
20 232. removal of the fluid pressure from the 
pressure container 12 will result in such 
disadvantage that since the lining material itself is 
flexible and is not so rigid as to possess self- 
supporting property, the evaginated lining 
25 material 46 which has been attached onto the 
inner surface of the pipe 32 is peeled off wholly or 
partially due to sudden depression of the internal 
fluid pressure in the pipe 32. Once the lining 
material 46 has been peeled off locally to form 
30 spaces between the lining material 46 and the 
inner surface of the pipe 32, such spaces will no 
longer disappear even when fluid pressure is 
again introduced into the pipe 32 and wili result 
in the formation of pipes reinforced wuh 
35 imperfections. For the above reasons it is 

convenient in the present invention to place the 
shut-off device 232 in any desired iccation 
between the pressurizing evaginat-o*^ device 10 
and the pipe 32. The details of tr»e str^ct^tre and 
40 function of the shut-off device 232 w ' De 
described hereinafter. 

The connection device 230 usua»iy comprises 
in addition to the connecting asse^Div 20 for 
fixing the lining material 46 a co'^'^ecT ng 
45 assembly 260. an induction pipe 2 56 a 

connecting assembly 258. a rcraTtc .le^c*? 2 78 
and a spray device 288 The cr"^'.-ct '^g 
assemblies 258 and 260 cr'-i^r'ses tLi&uiar joint 
members 266 and 268 havirg tape'eo portions 
50 262 and 264 at :he lip thereof .'y '-g r ngs 2 70 
and 272 and locking annu i 2 74 a^c 2 76. 
respectively. The induction pipe 2 56 is firmly and 
air-tightly fixed between the tapered portions 262 
and 264 and the urging rings 2 70 and 2 72. The 
55 tubular point member 268 in the rear connecting 
assembly 260 is connected to the front 
connecting pipe 248 in the shut-off device 232 by 
means of flanges. In case the induction pipe 256 
is not used, the incidental parts such as the 
60 connecting assemblies 258 and 260 may be 
omitted. 

The rotation device 278 comprises an inner 
pipe 280 and an outer pipe formed integrally with 
the tubular joint member 266 in the front 
65 connecting assembly 258 and is used for 



rt.'intpyiiui iiny twist foniied od t:()f^sirui:ti(jn of the 
app.ifiuus. The lip of {i t)oli 248 in screw 
thrtjiidod crujagcn»ciU with the outer r)ipe 282 is 
fiiie{1 into an annular groove 286 formed on the 
70 outi!r periphery of the inner pipe 280 so that the 
inner pipe 280 and the outer pipe 282 are 
connected freely rotatably to each other. The 
location of this rotation device 278 is riot limited 
to that shown in Fig. 7(c) and the device 278 may 
75 be located in any desired portion in the 

connection device 230. If necessary, a plurality of 
rotation devices may be assembled in the 
connection device 230. 

The spray device 288 having a spray nozzle 
80 290 is used for spraying a lubricant through the 
noz/le 290 onto the outer surface of the 
unevaginated portion of the lining material 46 to 
reduce frictional resistance formed when the 
unevaginated portion of the lining material 46 is 
85 pushed forward within the already evaginated 
portion in the pipe 32. The location of the spray 
device 288 is not limited to that shown in Fig. 
7(c) and the device 288 may be located in any 
desired device in the apparatus of the present 
90 invention. The outer surface of the tubular lining 
material 46 used may be treated previously with a 
lubricant regardless of whether the spray device 
288 is present or absent. When the lining 
material 46 is treated with a lubrucant prior to 
95 being introduced into the pressurizing evagination 
device 10. frictional resistance formed in the 
variable squeezing devices 200 and 202 and the 
squeezing device 1 78 can be reduced but slip of 
the lining material 46 may occur in the 
100 evagination velocity controlling assembly 104 to 
disturb normal conveying of the lining material 
46 

The connecting assembly 20 for fixing the 
lining materia! 46 comprises a connecting pipe 38 

105 ^^^•c^ in the front end. is connectecf to the rear 
end <'i the pipe 32 through flanges 34 and 36 and 
has a tapered portion 292 in the rear end. an 
urging ring 294 and a locking onnulus 296 
formed integrally with the inner pipe 280 in the 

1 10 rotation device 2 78. The front end of the tubular 
lining material 46 is evaginated and fixed firmly 
ami air lightly between the tapered portion 292 
and the urging ring 294 which form together an 
annular fastener for the lining material. 

115 In the present invention, the connecting 

assembly 20 for fixing the lining material 46 may 
directly be connected to the pressure container 
1 2 as shown in Fig. 1 . for example, in case of 
treating pipe lines exposed on the ground. In the 

120 embodiment shown in .^ig. 7(c). the induction pipe 
256. the shut-off device 232. the rotation device 
278 and the spray device 288 are all incorporated 
in an arbitrary order into the apparatus for 
faciliiHting actuni works for treatinci Dip*; lines 

125 buried in the grfjijiid. 

. In Figs. 8 and 9 showing) Hm; structure and 
function of the variable squeezing devices 200 
and 202. a dome 204 in the shape of a scmi- 
cylindrica' rJonie formed by cuiting off the lower 

1 30 half of ^1 lying cvUnner has m integrally f(/rmed 
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tljni|o :'Ub Ml ihc rtNH end. The tJevices 200 and 
202 are tixed t>v the aid of the flange 206 to the 
partiiior> walls 1 88 and 1 90 and have an inner 
end surface 208 which is almost in accord in 
5 height with the lower edge of the slits 192 and 
1 94. The dome 204 has at both sides thereof 
short cylindrical parts 2 10 with which a cover 
2 1 2 is scrcw-ihreadedly engaged. One of the 
covers 2 1 2 is omitted in Fig. 8 to depict the inside 
10 of the dome 204. A shelf 2 1 4 is positioned on the 
extended axis of the shelf 1 96 or 1 98 A panel 
2 1 6 made of mbber or a plastic material is fixed 
with a screw bolt to the front end of the shelf 
plate 2 1 4 in such manner that one end of the 
1 5 panel 2 1 6 slightly projects from the upper surface 
of the shelf plate 214, 

The moving plate 2 1 8 comprises a basat plate 
220. a squeezing plate 222 and a pressing plate 
224. The basal plate 220 is supported freely 
20 rotatably around the centra! position of he dome 
204 as an axis of rotation by a shaft 226. The rear 
end and both side ends of the basal plate 220 are 
contacted with the inner curved surface of the 
dome and with the inner surface of the cover 2 1 2. 
25 respectively, and are slidable on these inner 
surfaces when the rear end of the moving plate 
2 1 8 is moved along the inner circumference of 
the dome 204. The squeezing plate 222 is made 
of a rubber plastic material and fixed to the basal 
30 piate 220 with the pressing plate 224. The front 
end of the squeezing plate 222 projects from the 
front end of the basal plate 220 and squeeze the 
lining material 46 passing through an opening 
between the front end of the squeezing plate 222 
35 and the front end of the panel 2 1 6 to inhibit the 
forward movement of the binder 1 1 6 beyond the 
squeezing point when the moving plate is moved 
anticlockwise as shown in Fig. 8 or 9. The forward 
movement of the lining material 46 itself is not 
40 inhibiterJ by the variable squeezing device 200 or 
202. A locijs of the upper and lower ends of the 
lining maieriai 46 passing through the variable 
squeezing device 200 or 202 put in action is 
shown by the chain line in Fig. 9. If necessary, the 
45 angle of the moving plate 2 1 8 with the shelf plate 
2 1 4 is limited by means of a stopper or the like. It 
is desirable to provide the variable squeezing 
device 200 or 202 with a precise angle-adjusting 
mechanism. The squeezing plate 222 is 
50 preferably allowed to project slightly also from the 
rear end and l>oih side ends of the basal plate 220 
so that the spaces between the moving plate 2 1 8 
and the dome 204 and between the moving plate 
2 1 8 and the cover 2 1 2 can air-tightly be sealed. 
55 In the variable squeezing device 200 or 202. 
the shaft 226 extends outside the front drum 182 
or the rear drum 1 84 of the pressure cylinder 76 
and is dnven externally, for example, by means of 
a rotary cylinfler (not shown) commercially 
60 availal}lt: und*.'r the name of "Highroior" :o move 
the moving piatc 2 1 8 along the curved inner 
surface of ttw* dome 204. An air pressure working 
circuit (not Shown) is assembled to drive the 
rotary cylinder so that the first variable squeezing 
65 device 200 and the second variable squeezir.g 



' -vice 202 may be operated alternaiivelv at given 
time intervals. This working circuit may be 
operate . manually or automatically by detection 
of the amount of the binder 1 16 in the reservoir 

70 118 and in the first and second advanced binder 
pools as will be described hereinafter. 

The squeezing device 1 78 has substantially the 
same structure as shown in Figs. 8 and 9 for the 
variable squeezing device 200 or 202, As the 

75 squeezing device 1 78 is used for adjusting the 
amount of the binder 11 6 to be applied onto the 
inner surface of the lining material 46 to a definite 
value, however, the use of a squeezing 
mechanism for squeezing '.he lining material 46 
80 strongly with the elastic squeezing elements as in 
the variable squeezing devices 200 and 202 is 
not preferable for the squeezing device 1 78. 
Hence, the panel 2 1 6 made of a metal or a rigid 
plastic material is preferably used in the 
85 squeezing device 1 78. The squeezing device 178 
is distinguished in function from the variable 
squeezing device 200 or 202 in the point that the 
degree of squeezing in the former device 1 78 is 
initially determined according to the desired 
90 purpose and is usually not varied throughout the 
operation to maintain the amount of the binder 
1 1 6 to be applied at a definite value, whereas the 
degree of squeezing in the latter device 200 or 
202 is occasionally varied during the operation for 
95 adjusting the amount of the binder to be 

conveyed to the reservoir 1 1 8. In the squeezing 
device 1 78. it is also preferable to provide it with 
a precise angle-adjusting mechanism actuated 
externally for example, by means of a rotary 

100 cylinder outside the pressure cylinder 76. Once 
the operation has started, however, the squeezing 
device 1 78 is not driven externally during the 
operation. If simplification of the squeezing device 
is desired, a bulkhead provided with a mere slit of 

105 a definite size may be used in place of the 
bulkhead 58 and the squeezing device 1 78. 

In Fig. 10 is shown a moving plate suitably 
used for the squeezing device 1 78. A moving 
plate 2 1 8' used in place of the moving plate 218 

1 10 comprises a basal plate 220\ a seal 226' made of 
a rubber elastic material and a squeezing plate 
228 fixed to the basal plate 220' through the seal 
226' in such manner that the edge of the 
squeezing plate 228 may project from the front 

1 1 5 end of the basal plate 220'. The spaces between 
the moving plate 2 1 8' and the dome 204 and 
between the moving plate 2 1 8' and the cover 
2 1 2 in the squeezing device 1 78 are always kept 
air-light by the aid of the seal 226'. Thus, the 

1 20 moving plate 2 1 8' of the squeezing device 1 78 is 
previously moved anticlockwise to a 
predetermined position prior to construction of 
the pressurizing evagination device 10 so that the 
lining material can easily and smoothly be passed 

125 through the opening between the moving plate 
2 1 8' and the shelf plate 2 1 4 of the squeezing 
device 1 78. During the operation, the squeezing 
device 1 78 involving the lining material 46 
passirn; therethrough is kept air-tighi so that the 

1 30 pressure cCrtainor 12 is air tightly teparotcd from 
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the prebsurc cylinder 76 to enat)lo the formation 
of a pressure (jrariient between therrt at need by 
regulating the fluid pressure applied to the 
pressure container 12 and the pressure cylinder 
5 76 separately by means of the valves 96 and 98. 
In Fig. 1 1 is shown the variable squeezing 
device 200 or 202 relieved from the squeezing 
action. In this case, the moving plate 2 18 is 
rotated clockwise along the inner circumference 
1 0 o\ the doine 204 whereby the squeezing device 
200 or 202 is kept in "open" position and the 
moving plate 2 1 8 is almost parallel to the lining 
material 46 passing through the variable 
squeezing device 200 or 202. A locus of the 
1 5 upper and lower ends of the lining material 46 
passing through the device 200 or 202 in such 
"open" position is shown by a chain line. As is 
evident from comparison of Fig. 1 1 with Fig. 9. 
the lining material 46 passing through the 
20 variable squeezing device 200 or 202 set in 
"closed" position is squeezed as shown by the 
chain line in Fig. 9 while the lining material 46 
passing through the variable squeezing device 
200 or 202 set in "open" position is not squeezed 
25 as shown by the chain line in Fig. 1 1 . thus 

enabling the forward movenneni of the binder 1 16 
carried with the lining material 46. 

When the variable squeezing device 200 or 
202 is set in "open" position, air-tightness of the 
30 device 200 or 202 cannot be maintained. In the 
pressure cylinder 76, the first variable squeezing 
device 200 and the second variable squeezing 
device 202 are opened alternately to effect 
snnooth advance movement of the binder 1 1 6 
35 from the binder pool 298. Thus, it is usually not 
permitted to open both devices 200 and 202 at a 
time to avoid escaping all of the pressurized fluid 
from the pressure cylinder 76 through the variable 
squeezing devices 200 and 202. 
40 1 2 and partly in Fig. 7{cl is shown the 

structure of the shut-off device 232 which is 
optional but desirable in the apparatus of this 
invention. The shut-off device 232 essentially 
comprises a cylinder having tapered portions 236 
45 and 238 on both ends and an inlet 240 for 

pressurized fluid in the central side wall, urging 
rings 242 and 244. a flexible tube 246 and 
connecting pipes 248 and 250. 

The flexible tube 246 is made of rubber or a 
50 soft plastic material or may be made of a fiexibie 
tubular material manufactured by reinforcing 
rubber or such plastic materia! w^Th cJoth Tne 
rear connecting pipe 250 is connected to the 
discharge pipe 18 in front of the oressure 
55 container 12 while the f^ont connecting pipe 248 
is provided with an inlet 252 for pressurizing f!uid 
and connected to the connecting assembly 260 
through a flange means. The inlets 240 and 252 
are connected to a compressor 330 through 
60 valves 320. 322 and 324 and pressure regjiati^^g 
valves 326 and 328. This pressure circuit may be 
identical with or different from that for the 
pressurizing evagination device 10. The pressure 
system used for this device 232 may be common 
65 to that for the device 10. However, soccia! e^foc:s 



of the shut-off dt^vico 2 32 are exerted remarkably 
when the pressure sysiom for this device 232 is 
isolated from that for the device 10. because the 
shut-off device 232 can be used separately to 

70 achieve the before mentioned merits in case of 
any trouble in the device 10. In general, a 
compressor 330 may be smaller in size and 
capacity than that 100 used for the pressurized 
evagination device 10. 

75 Even after completion of the lining treatment, 
the shut-off device 232 may be operated to 
achieve such additional advantages that the lining 
material 46 applied onto the inner surface of the 
pipe 32 can be maintained under pressure until 

80 the binder 1 1 6 interposed between the lining 
maicrial 46 and the pipe 32 has been cured, that 
the main parts of the apparatus, i.e. the 
pressurizing evagination device 1 0 and the supply 
device 102 can be disjointed, transported and 

85 reconstructed for the treatment in other place 
while the shut-off device 232 is operated, and 
that consumption of electric power can be 
minimized by the use cf ;!~.e compressor 330 
smaller in capacity than that 1 00 for the device 

90 10. 

On actual operations of the shut-off device 
232. the tube 246 is al'owed to penetrate 
through the inside of the cylinder 232 and both 
ends of the tube 246 is annularly fastened 

95 between the tapered portions 236 and 238 and " 
the u.-ging rings 242 and 244 air-tightly as shown 
in Fig. 7(c). When fluid pressure is applied to the 
tube 246 by sending pressurized fluid through the 
inlet 240. the space 254 between the tube 246 

100 and the cylinder 234 is expanded as shown in Fig. 
1 2 so that the tube is pushed inward by the 
external pressure and catches the lining material 
46 running within the cylinder to inhibit the 
fo'^ward movement of tiie lining material 46 • 

105 sinujltnnoously with t»>o shut-off action of the 
flow of pressurizing fluid from the device 10 to 
the turning point 120 T he shut off action of the 
device 232 can readiiy be lost by releasing the 
devicf from the prcssijrv 

110 In Figs 13iai- 1 3":: ■ is showr. ihe step-by- 
step procedure of t^'r Mieihod of this invention for 
providing pipe lines v.* t*' a lining material wherein 
the apparatus shown brl^jfiy ir^. Fig. 6 and fully in 
Figs 7(al - 7(c* is used 

115 At the outset, the treatment begins with 

transportation of the platform cars 1 52 and 168 
carrying the Supply device 102 for the lining 
material 46 and the pressurl/ing evagination 
devlc'r 1 0. respectively, to the place where the 

1 20 treatment is to be carried out. The lining material 
46 in flattened state is reeled off from the reel 
106 and is then charged inside with a given 
amotint of the binder 1 1 6 to form a binder pool 
298 The portion of the lining material 46 where 

1 2 5 iii^-' t>'nfi*;r pool 298 is furn.fjd is placed on the 
rolle' conveye' 1 50 and thereafter the lining 
material 46 is again flattened and passed through 
the nipping device 1 62. The lining material 46 is 
iMt'O'i i'l'jd into th*; pressurizing evagination 

\ 30 ''^•"*- ' ' ^ frO'"«^' t:>e '*-•«*' •.■'»•! of th*; pressure 



t:viMul»;f /U. passisl ihrouyh ihe second vjriable 
sntietvuKi dovice 202. the renr drum 1 84. the first 
variuhio squeezing device 200. the front drum 
1 82. the squeezing device 1 78 and the pressure 
5 container 1 2 where the lining material 46 is 
passed through the evagination velocity 
controlliny assembly 104 and drawn out from the 
device 1 0 through the discharge pipe 1 8. In this 
case, the squeezing device 1 78 is squeezed just 

10 a^ter passing the lining material 46 therethrough 
for dual purposes of adjusting the amount of the 
binder 1 1 6 applied onto the inner surface of the 
lining material 46 and forming the reservoir 1 18 
for the binder 1 1 6 in rear of the squeezing device 

15 178. It is necessary that the lining material 46 
passed through the nipping device 1 62 carries the 
binder 1 1 6 in an amount at least equal to that 
carried by the lining material 46 passed through 
the squeezing device 1 78. The clearance between 

20 the rolls 1 66 in the nipping device 1 62 is 
previously adjusted to attain such effect. The 
lining material 46 is further passed through the 
connection device 230 and the front end thereof 
is evaginated and fixed to the annular fastener in 

25 the connecting assembly 20. If the induction pipe 
2 56 is present in the connection device 230. the 
supply device 102 and the pressurizing 
evagination device 10 may be located in the 
position far from the working place where the 

30 treatment is carried out. For example, the devices 
1 02 and 1 0 may be placed on the ground but the 
lining treatment itself may be carried out in the 
ground or on the roof of a high building. In case 
the lining treatment is carried out in the ground 

35 for treating gas pipe lines or the like, the size of 
the hole for the treatment may be small and the 
works are chiefly conducted on the ground. At 
this stage, the reservoir 1 1 8 alone is formed in 
rear of the squeezing device 1 78 and there is no 

40 necessity of forming advanced binder pools 302 
and 304. In Figs. 6 and 7(b), however, the 
variable squeezing devices 200 and 202 are in 
"closed ■ position and the formation of advanced 
binder pools 302 and 304 in rear of these devices 

45 are shown only for the purpose of better 

understanding of the functions of the individual 
devices. 

On this condition, either one of the first and 
second variable squeezing devices 200 and 202 

50 is closed and the other is opened. For example, 
the first variable squeezing device 200 is closed 
while the second variable squeezing device 202 is 
opened. Next, pressurizing fluid is introduced 
through the inlet 74 and 88 into the pressure 

55 container 1 2 and the front drum 1 82 of the 
pressure cylinder 76 whereby the pressure 
container 1 2 and the front drum 1 82 is kept air- 
tight and at a desired fluid pressure because of 
the first variable squeezing device being closed. 

60 No problem will arise in whether either one of the 
pressure container 1 2 and the front drum 1 82 is 
kept higher in pressure or both are kept equal in 
pressure. As in the method using the apparatus 
shown in Fig. 1 . however, the binder 1 1 6 in the 

65 reservoir 1 1 8 can positively be sent through the 
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ain(^iini of tlio hinder 1 16 onto the inner surface 
of the liniruj miii^^rial 46 by maintaining the 
pressure of tl»e fiont drum 182 somewhat higher. 

70 It is also possil)le to iidjust the amount of the 

binder 1 1 6 to be applied to the lining material 46 
by regulating the fluid pressure in the front drum 
1 82. Fluid pressure in the pressure container 1 2 
is transmitted ihrough the connection device 230 

75 to act on the rear of the annularly fixed portion of 
the lining material 46 whereby the turning point 
1 20 is formed there. The evagination velocity 
controlling assembly 1 04 is then driven to permit 
forward movement of the lining material 46 

80 nipped between the caterpillar belts in the 

assembly 104 whereby the lining material 46 in 
flattened state is correspondingly reeled off from 
the reel 106 and conveyed to the pressurizing 
evagination device 10 ihrough the binder pool 

85 298 and the nipping device 1 62. On the way to 
the device 10, the lining material is passed 
through the reservoii 1 1 8 and the squeezing 
device 1 78 whereby a given amount of the binder 
1 1 6 is applied onto the inner surface of the lining 

90 material 46. In the device 1 0. the lining material 
46 is conveyed forward by means of the 
evagination velocity controlling assembly 1 04 
and passed through the connection device 230 
and then through the spray device 288 where a 

95 lubricant is applied onto the external surface of 
the lining material 46. In the pipe 32. the lining 
material 46 to which the lubricant has been 
applied is passed thrugh the inside of the already 
evaginated portion and supplied to the turning 
100 point 120 where the lining material 46 is turned 
inside out by the fluid pressure. The evaginated 
portion of the lining material 46 having the binder 
1 1 6 on the outer surface thereof is attached 
under pressure onto the inner surface of the pipe 
105 32 through the binder 1 1 6 and bonding of the 
lining material 46 to the pipe line 32 is finished 
when the binder 1 1 6 interposed therebetween is 
cured. This treatment is carried out continuously 
whereby the pipe 32 is provided over the full 
110 length thereof with the lining material 46. 

In Fig. 1 3(al showing the first stage of the 
method of this inventior using the improved 
apparatus shown in Fig. 6 and in detail in Figs. 
7(a)-- 7(c), the binder 1 1 6 in the binder pool 298 

115 is gradually carried furwarcJ with the advance 

movement of the linir.g matnrial 46. as the binder 
is carried away with the advancing lining material 
46. The binder 1 1 6 is squeezed in the first 
variable squeezing device 200 whereby the first 

1 20 advance binder pool 302 is formed in rear of the 
device 200. On the other hand the binder 1 1 6 in 
the reservoir 1 1 8 is gradija'iy consumed as the 
binder 1 1 6 is carrier! away with the advancing 
lining material 4G 

125 In Fig. 13(IjI shov. rju socotnl stag*.- of ihp 
method of this invcvon using the improved 
apparatus, the second variable squeezing device 
202 is closed when the consumption of the 
binder 1 1 6 in the reservoir 1 1 8 reached a certain 

130 degree. The second 3dv,=^nced ti^-ric^ poc! 304 is 
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t(vmu;ti M ihis staijo \\\ rear of !iie soconti viuiable 
S(hJ'*»'/"Hj ilevlctf 202 

In Kkj. 1 3(ci showing the ihifd stage of the 
method, the first variable squeezing device 200 is 
5 opened whereby the fluid oressure in the pressure 
cyimtJer 76 is maintained as the second variable 
squeezing device 202 is closed. As ihie binder 
1 1 6 supplied from the binder pool 298 is 
squeezed in the second variable squeezing device 

10 202. the amount of the binder 1 1 6 in the second 
advanced binder pool 304 in rear of the device 
202 is increased. On the other hand, all of the 
binder 1 1 6 in the first advanced binder pool 302 
is carried forward with the advancing lining 

1 5 material 46 through the opened first variable 
squeezing device 200 and absorbed in the 
reservoir 1 1 8. The binder 1 1 6 in the reservoir 
1 1 8 is supplied in this manner. 

In Fig. 1 3(d) showing the fourth siage of the 

20 method, the first variable squeezing device 200 is 
closed. At this stage, the amount of the binder 
accumulated in the second advanced binder pool 
304 becomes maximum. By opening the second 
variable squeezing device 202. all of the binder 

25 1 1 6 in the second advanced binder pool 304 is 
carried forward with the advancing lining material 
46 through the opened device 202 and squeezed 
in the closed first variable squeezing device 200 
whereby the first advanced binder pool 302 is 

30 formed in rear of the device 200 as shown in Fig. 
3ia). 

By repeating this procedure, the binder 1 1 6 in 
the binder pool 298 is gradually carried forward 
and supplied to the reservoir \ 1 8 through the 
35 second advanced binder pool 304 and the first 
advanced binder pool 302. 

In the foregoing procedure, it is not necessary 
that the first or second variable squeezing device 
200 or 202 is so tightly closed that the forward 
40 movement of the binder 1 1 6 in the first or second 
advanced binder pool 302 or 304 is perfectly 
inhibited. When the first or second variable 
squeezing device 200 or 202 is closed, the 
pressure of the space in front of the variable 

45 squeezing device is kept higher than that of the 
space in rear of the device. Thus, it is rather rare 
that the binder 1 1 6 is carried forward beyond the 
variable squeezing device 200 or 202 when the 
device is closed. 

50 When the forw ard movement of the lining 
material 46 is continued and all of the lining 
material 46 is reeled off from the reel 106, a belt 
or rope 11 4 is successively reeled off. At this 
stage, almost all of the binder 1 1 6 in the reservoir 

55 118. the advanced binder pools 302 and 304 and 
the binder poo! 298 is consumed but the 
remaining slightly excess binder 1 1 6 is discarded 
into the pressure cylinder 76 or outside the rear 
end thereof through the open rear end of the 

60 lining material 46. The excess binder 1 1 6 is 
recovered or removed after completion of the 
lining treatment. After passing the lining material 
46 through the pressurizing evagination device 
1 0. the belt or rope 1 1 4 is successively passed 

65 therethrough. Even after the lining mate''»3! has 



l)et;n pass».*il tlui)ut|h ir»i- devu.i: 10 thtr 
Sijl)sequeni t»ei! nr rop** I 1 4 is nippt d belvvi:«;n 
the c.Jterpilliif bt.'lis m ii.i' eviUjioation viiloctty 
conirolliruj jssoinhly 1 04 an(i is carrier) forward 
70 at a definite velocity so ihji the ovagi»»Jiioii 

velocity of the lining material 46 in the pipe 32 is 
normally controlled to prevent occurrei^Cii of any 
rapirJ evnyinaiion of the lining material 46. 
After evagination of the lining material 46 is 
75 finished over the full length of the pipe 32. the 
fluid pressure in the evaginaied lining material is 
continuously maintained until the binder is 
completely curetJ to effect bonding of the lining 
> . rerial 46 onto the inner surface of the pipe 32. 
80 Wi.en the apparatus is provided with the shut-off 
device 232 as shown in Fig. 7(c). fluid pressure is 
applied to the connection device 230 through the 
inlet 252 and higher fluid pressure is separately 
applied to the shut-off device 232 through the 
85 inlet 240 whereby the tube 246 is expanded 
inward to shut off the path communicated with 
the pressurizing evagination device 10. By doing 
so. the fluid pressure in the pressure container 1 2 
no longer acts on the evaginated lining material 
90 46 in the pipe 32. Accordingly, the pressurizing 
evagination device 1 0 and the supply device 1 02 
can be disjointed at this stage and cleaning of 
these devices or any after-treatment may be 
done. Alternatively, the platform cars carrying the 
95 devices 10 and 102 may be removed to the 
location where another lining treatment of pipe 
lines is to be carried out while the shut-off device 
232 is operated until the binder 1 1 6 has been 
cured. In case a liquid resin curable by healing is 
100 used as the binder 1 1 6, a hot blast or 

superheated steam may be introduced under 
pressure through the inlet 252 to effe.:t curing of 
the binder 1 1 6. After the binder 1 1 6 has been 
cured completely to bond the lining material 46 
105 onto the inner surface of the pipe 32, the end of 
the lining material 46 is unfastened from the 
connecting assembly 20 and both ends of the 
lining material 46 are properly treated, for 
example, by cutting off the marginal ends to finish 
1 10 the lining treatment. 

As compared with the embodiment using the 
apparatus shown in Fig. 1 . the embodiment using 
the apparatus shown in Fig. 6 (in detail in Figs. 7a. 
7b and 7cl is particularly advantageous in the 
115 lining treatment of already constructed pipe lines 
without necessity of moving or d'T^joinllng them. 
In the ei..Dodime:^t using the apparatus shown in 
Fig. 1 . the resc voir 1 1 8 for the binder 1 1 6 is 
formed in the pressure cylinder 76. If the lining 
1 20 treatment is carried out according to this 

embodiment for extremely long pipe lines, a 
considerably larger amount of the binder 1 1 6 is 
required so that the reservoir 1 1 8 becomes very 
large corrospondingiy. Thus, the capacity of the 
1 25 pressure cylinder 76 sfiould be large enough ;o 
accommoflate such large reservoir 118. For 
instance, the quantity of a binder 1 1 6 necessary 
f.ji mc lining treatment is about 250 liters. 
provifJed that the inner diameter and length of a 
1 30 pipe iinf> 32 to be treated are 1 50 mm and 500 



t>in;ti'i 1 16 lo bo iiMripDSt.Ml hrtwfLMt the ifiner 
i»a'l.ice o* the pipo liiuf 32 and \hv linliuj material 
46 is 1 mm. If abovil 250 litor of tfie binder H 6 is 
5 tMu.l()st;d iM the litiing mjicrijl 46 fiaviny an inner 
di;im(Mor of 1 50 mm. ttie length of a reservoir 
1 1 0 *ot Um: binrlor 1 1 6 is as lon(| as about 1 4 m. 
\\ follows thai the length of the pressure cylinder 
76 should bo at least 1 5 nv If the pipe line 
1 0 becomes longer, the capacity of the oressure 
cylintJer 76 will naturally be large enough to 
a( conimodate the iiKreascd amount of binder 
1 1 6. In addition lo the necessity of an enormous 
pressure cylinder, a trouble also occurs in 
1 5 regulation of fluid pressure: as the binder in a 
large reservoir is consumed, the space in the 
pressure cylinder 76 is increaseil so that 
regulation of the fluid pressure t)ecomes 
necessary for smooth application of the binder 
20 1 1 6 to the lining material 46. 

In contrast, the embodiment using the 
apparatus shown in Fig. 6 (in detail, in »-igs. 7a. 7b 
and 7c) wherein the binder pool 298 containing a 
substantial part of the binder 1 1 6 required for the 
25 lining treatment may be preserM outside the 

pressurizing evagination device 10. the size of the 
device 1 0 may be small and the same compact 
evagination device 10 may be used irrespective of 
whether the amount of the binder 1 1 6 is large or 
30 small. As the amount of the binder 1 1 6 
accumulated in the reservoir 1 1 8 is not 
fluctuated, the amount of the binder 1 1 6 applied 
onto the inner surface of the lining material 46 by 
means of the squeezing device 1 78 becomes 
35 definite and is not fluctuated significantly. 

Figs. 14(a) — 14(d) show another embodiment 
of the method of this invention using a modified 
model of the apparatus shown in Fig. 6 (Figs. 7a. 
7b and 7c in detail), wherein the binder pool 298 
40 is formed just in rear of the second variable 
squeezing device 202 by omitting the nipping 
dt-'vlce 162 or making modifications thereto. 

In Fig. 14(a) showing the first stage of this 
embodiment, the second variable squeezing 
45 device 202 is opened so that the binder pool 298 
is extended to the rear drum 184 beyond the 
device 202 and integrally conibined with the 
advanced binder pool 302. 

In Fig. 1 4(b) showing the second state of this 
50 embodiment, the second variable squeezing 

device 202 is closed so that ilie binder pool 298 
extending to the rear drum 1 84 is separated at 
the rear end of the pressure cylinder 76 whereby 
the binder 1 1 6 in the rear drum 1 84 forms the 
55 advanced binder pool 302. At this stage, the 
binder 1 1 6 in the reservoir 1 1 8 is gradually 
consumed as the binder 1 1 6 is carried away with 
the advancing lining material 46 through the front 
drum 182. 

60 1'^ Fig. 14(c) showing the tfilrd stage of this 
embodiment, the first varint)ic squeezing device 
200 is opened whereby all of the binder in the 
advanced binder pool 302 is carried forward with 
the advancing lining material 46 through the 

65 device 200 and absorbed in the reservoir 1 1 8 in 



the front drum 1 82 

In Fig 1 4({1) shovvifU) the fuurih stage of this 
embcufimenl. the first variable squoe/iny ilevico 
200 IS closed. Next, tfie second variable 

70 s(jinfezing device 202 is opened whereby the 
binder 1 1 6 in the binder pool 298 is carried 
forward with ifur advartcing lining material 46 and 
forms in the rear drum 184 the advanced binder 
pool 302 which is communicated with the binder 

75 pool 298 through the device 202 as shown in Fig. 
14(a). 

By repeating this procedure, the binder 1 1 6 in 
the l)iiuler pool 298 is gradually carried forward 
and supplied to the reservoir 1 18 with the 
80 advancing lining material 46. as in the case 
shown in Figs. 1 3(a)- 1 3(d). 

Figs. 1 5(a)- - 1 5(d) show still another 
embodiment of the method of this invention using 
a modified model of the apparatus shown in Fig. 6 
85 (Figs. 7a. 7b and 7c in detail) wherein the binder 
pool 298 is formed just behind the second 
variable squeezing device 202. as in the case 
shown in Figs. 14(a)- 14(d). 

In Fig. 1 5(a) showing the first stage of this 
90 embodiment, the second variable squeezing 
device 202 is slightly opened to introduce the 
binder 1 1 6 in the binder pool 298 into the rear 
drum 1 84 whereby the advanced binder pool 302 
is formed in rear of the first variable squeezing 
95 device 200. 

In Fig. 1 5(b) showing the second stage of this 
embodiment, the binder 1 1 6 in the advanced 
binder pool 302 is increased to a given amount 
and the second varial)le squeezing device 202 is 
1 00 closed at this stage. On the other hand, the binder 
1 1 6 in the reservoir 1 1 8 is gradually consumed 
as the binder 1 1 6 is carried away with the 
advanced lining material 46. 

In Fig. 1 5(c) showirtg the third stage of this 
105 embodiment, the first varial>le squeezing device 
200 is opened to permit advance of the binder 
1 1 6 in the advanced binder pool 302 whereby 
the advanced binder 1 1 6 is integrally combined 
with the binder in the reservoir 1 1 8. 
110 In Fig. 1 5(d) showing the fourth stage of this 
embodiment, the first variable squeezing device 
200 is closed when all of the binder 1 1 6 in the 
advanced binder pool 202 is carried forward. 
Next, the second variable squeezing device 202 is 
1 1 5 slightly opened to introduce the binder 1 1 6 in the 
bincier pool 298 into ifie rear drum as :>hown in 
Fig. 15(a). 

By repeating this procedure, the binder 1 1 6 in 
the binder pool 298 can \w carried forward 

1 20 gradually to refill ttie reservoir 1 1 8 as in the case 
shown in Figs. 13(a) - 13(d). 

As a variant of this embodiment, a given 
amoimt of the binder may be enclosed in the 
lining matt'rial 46 over its full length instead of 

1 7 5 fornuny the t)lnfl*.T pool 298 containing a large 
amount of the binder 1 1 6 in only one portion of 
xhii lining material 46 as shown in Figs. 6 and 
7tri». In this case, it is not necessary that the 
i)ltidei 1 16 cncios*j(J in ihc lining material 46 ove 

1 30 i's full length has evenly i)een distributed over all 
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the ii^ntJf sijrl.in; ot llu; hiuru) matcfuil 46. Even if 
the biiuliM 1 1 6 luis unevt?niv t)een .♦pdIicu t)i»io 
the inner surface of the lining in;iipnji 46 the 
hinder 1 16 nf)p!ietl hecomes oven when the lining 
5 material 46 is passecJ through the advanced 
biiuler pools 302 and 304 and the reservoir 1 18. 
As anoiher variant of if:is embocJimcfU. a (]iv«;n 
aniouni of the birufer 1 1 6 may be enclosed in 
portions in the lining material 46 at definite 
10 intervals to form a plurality of small binder pools 
instead of forming only one largo binder pool 298 
in the lining material 46. 

Figs. 16la)and 1 6{b) are diagrams 
scfiematically showing further embodiment of the 
1 5 method of this invention using another modified 
model of the apparatus shown in Fig. 6 (Figs. 7a. 
7b and 7c in detail), wherein an inlet 306 for 
pressurized fluid and an outlet 308 for pressurized 
fluid are fitted to the rear drum 1 84 in the 
20 prossijro cylinder 76. in addition to the inlet 74 in 
the pressure container 1 2 and the inlet 88 in the 
front drum 1 82 and wherein the bulkhead 58 is 
provided with a slit 62 in place of the squeezing 
device 1 78 and the pressure cylinder 76 is 
25 provided on the partition walls 1 88 and 1 90 with 
slits 310 and 312 in place of the vai'.able 
squeezing devices 200 and 202, respectively. In 
this modified model, it is desirable that the slits 
310 and 312 are longer in width than the slit 62. 
30 The lining material 46 passing through the binder 
pool 298 and the nipping device 1 62 is 
introduced into the pressurizing evaginalion 
device 1 0 through the slit 3 1 2 and is passed in 
the device 1 0 through the slits 3 1 0 and 62. The 
35 structure of this modified model is identical in 
other respects with that of the apparatus shown 
in Fig. 6. In this embodiment, the step for 
introducing pressurized fluid into the rear drum 
1 84 through the inlet 306 and the step for 
40 exhausting the prfjssurizing fluid from the rear 
drum 1 84 through the outlet 308 to maintain the 
rear drum at atmospheric pressure are carried out 
alternately while introducing pressurized fluid into 
the pressuic container 1 2 and the front drum 1 82 
45 through the inlets 74 and 88. respectively, as in 
the aforesain embodiments. 

In Fig. 1 6(a) showing the first stage of this 
embodiment, pressurized fluid is introduced into 
the pressure container 1 2 and the front drum 1 82 
50 through the inlets 74 and 88. respectively, while 
exhausting pressurized fluid from the rear drum 
1 84 through the outlet 308 to maintain the rear 
drum 1 84 at atmospheric pressure. The binder 
1 16 carried away from the binder pool 298 by the 
55 advancing lining material 46 can easily be 

introduced into the rear drum 1 84 through the slit 
3 1 2 since the drum 1 84 is maintained at 
atmospheric pressure. However, as the front drum 
182 is kept under pressure, the lining material 46 
60 is squeezed in the slit 310 whereby the binder 
1 1 6 cannot be passed through the slit 3 1 0 and a 
first advanced binder pool 302 is thus formed in 
rear of the slit 3 1 0. If the air in the rear drum 1 84 
is evacuated to keep it under subatmospheric 
65 pressure, the introduction of the binder 1 1 6 into 



Ihi: .'f.K ill tirn 1 84 |hl(Ujg() \\\\\ Slit 3 1 2 Will be 

acceif'.iiiMl 

In Fh^ 1 6itj» sh owing the second stage of this 
emtxultinent the Outlet 308 is dosed ancJ 

70 pressuft/(.*ti fluid is iniroduce(f \\\\o the rear drum 
184 tluough tfie inlet 306 whereby the lining 
material 46 is squoo/ed in the slit 3 1 2 to inhibit 
the fo* ward movement of the binder 1 1 6. Thus, a 
second advanced binder pool 304 is formed in 

75 rear of the slit 312. On the other hand, the 

squeezing action on tite lining material 46 in the 
slit 3 1 0 is lost by pressurizing the rear (frum 1 84 
with the fluid whereby the binder 1 1 6 in the first 
advanced binder pool 302 is carried forward 

80 through the slit 3 1 0 and absorbed in the reservoir 
1 1 8. If the pressure in the rear drum 1 84 is kept 
higher than that in the front drum 182, the 
movement of the binder 1 16 frorn the first 
advanced binder pool 302 to the reservoir 1 1 8 

85 will be accelerated. 

When the fluid pressure is again exhausted 
from the rear drum 184 through the outlet 308 to 
maintain the rear drum 1 84 at atmospheric 
pressure, the binder 1 16 in the second advanced 

90 binder pool 304 is introduced into the rear drum 
1 84 through the slit 3 1 2 and absorbed in the first 
advanced binder pool 302. However, the 
movement of the binder 1 1 6 from the binder pool 
302 to the reservoir 1 1 8 is inhibited as shown in 
95 Fig. 1 6(a). By repeating this procedure, the binder 
1 1 6 in the binder pool 298 can gradually be 
carried forward and supplied to the reservoir 1 18. 

In this embodiment, it is of course possible to 
provide the partition wall 188 with the inlet 306 

100 ^or pressurized fluid so as to suppiy the 

pressurized fluid in the front drum 1 82 to the rear 
drum 1 84. It is also possible to mount a seal to 
the slit 3 1 0 or 3 1 2 so that when a difference in 
pressure is formed between the space in front jf 

105 the slit and the space in rear of the slit, the lining 
material 46 may be squeezed to inhibit the 
forward movement of the binder 1 1 6 and at the 
same time any leakage of the pressurized fluid 
may be prevented. For achieving the same 

1 10 purpose, pivotally connected moving plates which 
can be actuated by the fluiri pressure ir» the front 
drum 1 82 and the rear drum 1 84 may be 
mounted in front of the slits 3 1 0 and 3 1 2, 
respectively. 

115 In contrast to the foregoing various 

embodiments wherein fluid pressure acting on the 
rear of the turning po.nt 1 20 is used, an 
alternative embodiment wherein tfie interior 
space of the pipe line in front of the turning point 

120 120 is kept under reduced pressure can be used 
in the method of this invention to effect 
evagination of the lining material followed by 
bonding it to the inner surface of the pipe line 32. 
In this case, the pressure container 1 2 in the 

1 2 5 pressurizing evagination dcvicf; 1 0 Is unnecessary 
but the pressure cylinder 76 may be use{l for 
presseri/iny th'; reservoir 1 1 8 to adjust the 
amount of the binder 1 1 6 to be applieri to the 
inner surface of the lining material 

1 30 It is also possible to use the embodiment 
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wherein the fluid pressi^re is usecJ for evagmaiion 
of the lining mnterial jointly with the embodiment 
wherein recJucod pressure is applied to the interior 
space of the pipe line foi evacjinaiion of the lining 
5 material. The conjoint use of these embodiments 
is based on the fact that the evagination of the 
lining material at the turning point takes place 
when a difference in pressure is formed between 
the space in front of the turning point and the 

10 space in rear thereof. 

Furthermore, the following modification may 
be made in the method of this invention for 
evagination of the lining material. According to 
this modification, a belt or rope is previously 

1 5 passed through the lining material over its full 
length and drawn from the opposite end of the 
pipe 32 while applyirig fluid pressure to the lining 
material in rear of the annularly fastened portion 
whereby the unevaginated portion of the lining 

20 material is allowed to advance within the pipe 32 
and evaginated at the turning point 1 20 and at 
the same time the evaginated lining material is 
attached onto the inner surface of the pipe under 
pressure of the pressurized fluid. In the method 

25 utilizing this modification, the fluid pressure may 
be so weak that the already evaginated portion of 
the lining material may be attached under 
pressure onto the inner surface of the pipe. In 
other words, no strong force is required for the 

30 fluid pressure for allowing the lining material to 
advance within the pipe. Moreover, there is no 
fear of fluctuation in fluid pressure on condition of 
the pipe lines. According to this modification, 
therefore, bonding of the lining material to the 

35 pipe line can be carried out in more certain 
manner. 

The use of the belt or rope 1 1 4 is not 
absolutely necessary in the foregoing various 
embodiments but is of particular advantage in 

40 that the evagination velocity of the lining material 
can be controlled over the full length of the pipe 
line, for example, even after the rear end of the 
lining material has passed through the 
evagination velocity controlling assembly 104. 

45 It is a matter of course that the method and 
apparatus of the present invention are not limited 
to the uses for repairing or reinforcing the pipe 
lines already constructed by providing them with 
a lining material, but is also utilizable for 

50 previously providing new pipe lines with a lining 
material or for the production of steel pipes 
having a lining on their inner surface. Further, the 
method of the present invention can be applied to 
protective pipes for power-transmission wires and 

55 telephone cables as well as conduit pipes for 
water, gas. air-conditioning media and sewer in 
buildings or the like constructions for preventing 
any electric leakage or any leakage of a gaseous 
or liquid substance from the pipe lines. 

60 The method and apparatus of the present 
invention relate not only to providing pipe lines 
with a flexible tubular textile or plastic lining 
material through a binder but also to application 
of a liquid resin as binder alone onto the inner 

65 surface of pipe lines. For example, it is not 



ni.'COSsJ'v lo bond such iul)ular lining fn.jic'fial 32 
onto the innor surface of pip*.* lines tf>rough a 
liciiiid resin liS binder, in some cases, such tubu'ar 
lining material 46 is once applied according to the 
70 method of this invention onto the inner surface of 
the pipe line 32 through a liquid resin under 
pressure and thereafter the lining material 46 may 
be peeled off and removed from the pipe line 32 
by drawing the belt or rope 1 14 connected to the 
75 lining material 46 toward the pressure container 
1 2 while turning the lining material outside in 
whereby the liquid resin is retained evenly on the 
inner surface of the pipe lines 32. When the liquid 
resin is dried or cured, a film of the resin will be 
80 retained as a lining on the inner surface of the 
pipe lines. As a variant of this embodiment, it is 
also possible to apply the tubular lining material 
46 onto the inner surface of the pipe lines 32 
according to the two-step method by first 
85 applying the liquid resin alone in the manner just 
above described and then applying, before curing 
of the liquid resin, the tubular lining material alone 
or together with another.liquid resin onto the 
liquid resin-applied inner surface of the pipe line 
90 according to any one of the embodiments of the 
present invention. As another variant of this 
embodiment, one component of a two 
component binder such as an epoxy binder is first 
applied onto the inner surface of the pipe line and 
95 thereafter the other component is applied to bring 
both components into contact with each other for 
reaction to form a coating of the resin as a lining 
on the inner surface of the pipe lines. In this case, 
a filler such as a fibrous reinforcing material may 
100 ^e incorporated into either or both of the 

components. Further, it is possible to applying a 
lining material carrying one component of a two- 
component binder onto the layer of the other 
component already formed on the inner surface of 
105 the pipe lines. As still another variant of this 
embodiment, plural coats of resins such as a 
combination of a rigid plastic coat and an elastic 
soft plastic coat may be applied onto the inner 
surface of the pipe lines according to the above 
1 10 mentioned lining method. 

It is also a merit of this invention that these 
embodiments can be carried out without any 
particular attention being paid lo the pot life of 
the binder used. 
115 As many apparently widely different 

embodiments of this invention may be made 
without departing ffom the spirit and scope 
thereof, it is to bo cr^nstf'ued that this invention is 
not limitrd to the s:>e«-.ific embodiments thereof 
1 20 except as d»_>fined *^ :ht* appo^^rtori claims. 

Claims 

1. A method fo*- providing the innof surface of a 
pipe with a f'*?* *: l.itviiar lir.i'..; •Tnl'L'nal which 

comprises on*.' c'kI a f^ex-bte 

125 tubular lining mi^Tor.jl appiying fluid pteSSu'^e TO 
the roar of the cuwniiariv fined position of the 
flexible toliuiar '.M>ng rriaieria'. turning tfie tubular 
lining nrntenai -ns oe Out at a turning point to the 
rear of tho fixcl :)Osi::o'^ whi'o at'nv. rng the 
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turnuiy poiru lo aiJvancu within a pipe, tornmig a 
resefvotf of a li()ui(i resin enclosed *n the interior 
oi the ufievaginaied portion of the tubular lining 
material to the rear of the annularly fixed portion 
5 while applying external fluid pressure to the 
portion of the tubular lining nnaierial where the 
res'jrvotr is formed, passing the tubular lining 
material through the reservoir to apply the liquid 
resin onto the inner surface of the tubular lining 

10 material, squeezing the tubular lining material to 
adjust the amount of the liquid resin applied, 
supplying the tubular lining material to the turning 
point where the tubular lining material is 
evaginaled and attaching the evaginaled tubular 

1 5 lining material under fluid pressure onto the inner 
surface of the pipe. 

2. A method according to claim 1 . wherein said 
tubular lining material is a flexible rubber or 
plastic tube. 

20 3. A method according to claim 1 . wherein said 
tubular lining material is a tubular textile jacket 
made of fibers woven or knitted in the form of a 
tube which is coated on the external surface 
thereof with a flexible rubber or plastic material. 

25 4. A method according to claim 3. wherein said 
plastic material is a thermoplastic polyester 
elastomer. 

5. A method according to claim 3. wherein said 
tubular textile jacket is made of a synthetic fibers 

30 of polyester series. 

6. A method according to claim 1 . wherein said 
liquid resin is a binder for bonding said lining 
m;uerial to the inner surface of said pipe. 

7. A method according to claim 1 , wherein said 
35 pipe is a pipe line buried in the ground. 

8. A method according to claim 1 . wherein the 
evagination of said tubular lining material is 
effected by applying fluid pressure to said turning 
point. 

40 9 A method according to claim 1 . wherein a 
belt or rope is previously passed through said 
tubular lining material and is drawn from the 
opposite end of said pipe to effect evagination of 
said tubular lining material. 

45 1 0. A method according to claim 1 . wherein 
said fluid pressure is applied to the rear of said 
turning point. 

1 1 . A method according to claim 1 . wherein 
said fluid pressure is applied to the rear of said 

50 turning point by keeping the soace in said pipe 
under reduced pressure. 

1 2. A method according to claim 1 . wherein 
said tubular lining material is connected at the 
rear free end thereof to a belt or rope having a 

55 length at least equal to that of said tubular lining 
material and said tubular lining material is 
evaginated at a definite velocity by adjusting the 
advancing speed of said tubular lining material at 
the former half stage of the evagination step and 

60 the advancing speed of said bPit or rope at the 
latter half stage. 

1 3. A method according to claim 1 . wherein a 
lubricant is applied to the outer surface of the 
portion of said tubular lining material in rear of 

65 said annular fixed portion. 



1 4. A inttthijd .!t:»;ordiMij to t.tiiini I . whifniin 
the fluid pr*.'ssu(»' «tpplitMt exlt.'ni.'illy to ihe portioi> 
of said tubular hniruj material where sai^l reservoir 
is formed is e()uai to the fluid pressure applied to 

70 the portion of said tubular lining material in rear of 
said turning point. 

1 5. A method according to clnirn 1 . wherein 
the fluid pressure applied externally to the portion 
of said tubular lining material where said reservoir 

75 is formed is higher than the fluid pressure applied 
to the portion of said tubular lining material in rear 
of said turning point. 

1 6. A method according to claim 1 . whereirt 
the amount of said li()uid resin applied onto the 

80 inner surface of said tubular lining material is 
adjuslcri l)v reywiaiing the fluid pressure applied 
externally to the portion of said tubular lining 
material where said reservoir is formed in relation 
to the fluid pressure applied to the portion of said 

85 tubular lining material in rear of said turning point. 
1 7. A method according to claim 1 . wherein 
the location of said reservoir is higher than the 
location where said tubular lining material is 
squeezed. 

90 IS A method according lo claim 1 , wherein 
(A) a step for forming a liquid resin pool 
containing a substantial part of said liquid resin in 
the interior portion of said tubular lining material 
in rear of said reservoir and inhibiting, in a first 
95 portion between said reservoir and said liquid 
resin pool, the forward movement toward said 
reservoir of said liquid resin attached to the inner 
surface of said tubular lining material passing 
through said liquid resin pool while forming a first 

100 advanced liquid resin pool in rear of said first 
position and iB) another step for inhibiting, in a 
second position between said first position and 
said liquid resin poof, the forward movement 
toward said first position of said liquid resin 

105 attached to the inner surface of said tubular lining 
material pass»r>g through said liquirl resin pool 
while allowing said liquid resin in said first 
advanced liq .id resin pool to advance to said 
reservoir a^e r»fpeated to supply said liquid resins 

110 in said lin^-'^i m*s:m pool intermittently to said 
fCSOrvOif 

1 9 A rr^*::»if)'.l f;r)rdrr^q to claim 1 8. wherein 
said luhoirt' i.'i.r.t; nuiiorial is squce/cd externally 
so as to Ui* *\iii:rtnea in said first position and in 

115 said Sf-corf) pvis:t'On to inhibit the forward 

movon-ke'"' o' sjl i liquid resin and is relieved from 
saif^ sq.j';*'/-f -rj a^iovv said liquid resin to 
advaric*- 

20 A m*-rf.o:J arcording to daini 18. wherein 
1 20 said liquirl 'eslr^. pool is located in rear of said 

second p«)sii»ort anrj said liquid resin is gradually 
supp!ie(J from sairj liquid resin pool lo said first or 
second positiot- m such manner that when the 

forvv;irf< ni(.-..:"^»:' t of sald li'Mid '.:siri is inhit)itod 
125 in said s'r'.C.r'.i r>M^.! (j':. .l socond .i K itfjuid 
resin p')o' s j^S! if'* re.*' S.iiJ S'.'COnd 

pOSiliOi'. 

2 1 . A me**v»'l occordlr^g to cl;»''^^ 20 wherein 
the arrioij'-! *r. s-: 'i'jwi'j r^'Si^^ s.j:>;i-*v-d 'uf^. said 



.r» i.wl MiMdff Ih.itt till- ji\'t»vilil 1)1 saul i>Hu*^* fObiM 
.)t)ptit.H) onio Mil* iniuM SiirKlCO of Saiil tijt)iilar 
Itoiiuj rujttMiiil 

22. A method (iccof(lini) to claim 18 wherein a 
5 stjcond iulvjnced \n\i\Hi resin pool is formed just 

in roar ol Siiiil sticonil position. 

23. A method iiccordiiu) to claim 22. wherein 
the fofwjid rr^ovtMHont oi said liquid resir^ is 
t)e»mitied in said second position and said liquid 

10 resin in said liquid resin pool is gradually carried 
toward said first position. 

24. A method acconliny to claim 23. wherein 
the forward movement of said liquid resin from 
said liciuid resin pool to said first advanced liquid 

1 5 resin pool is inhibited in said second position after 
the amount of said li()uid resin in said first 
advanced li(iuid resin pool has reached a given 
value. 

25. A method according to claim 22, wherein 
20 said li(^u)d resin pool is allowed to advance 

toward said first position through said second 
position bv permitting passage of said liquicJ resin 
in said second position, and said liquid resin pool 
is pressurized in said second position to separate 
25 said first advanced liquid resin pool from said 
liquid resin pool while inhibiting passage of said 
liquid resin in said liquid resin pool beyond said 
secon(i position. 

26. A method according to claim 1 8, wherein 
30 said tubular lining material in flattened state is 

passed through slits formed in said first and 
second positions and the ambient fluid pressure 
to said tubular lining material between said first 
position and said second position is kept lower 

35 than the ambient fluid pressure to the portion of 
said tubular lining material where said reservoir is 
formed and almost equal to or lower than the 
ambient fluid pressure to said tubular lining 
material in rear of said second position whereby 

40 passage of said liquid resin through said second 
position is permitted but passage of said liquid 
resin through said first position is inhibited and 
wherein the ambient fluid pressure to said tubular 
lining material between said first position and said 

45 second position is kept almost equal to or higher 
than the ambient fluid pressure to the portion of 
said tubular lining material where said reservoir is 
formed and also higher than the ambient pressure 
to said tubular lining material in rear of said 

50 5;econd position whereby passage of said liquid 
resin through said second position is inhibited but 
passage of said liquid resin through said first 
position is permitted. 

27. A method according to claim 1 8. wherein 
55 said liqiiid resin in said advanced liquid resin pool 

is carried toward said reservoir when the amount 
of said liquid resin in such reservoir becomes 
smaller than a given value. 

28. A method according to claim 1 8. wherein 
60 said liquid resin poo' is formed by enclosing said 

liquid resin in said tubular lining material in rear of 
said first position over its full length. 

29. A methori according to claim 1 8. wherein 
said liquid resin pool is a plurality of small liquid 

65 resin pools formed at definite intervals in said 



luluiKir iiruiuj nniteri.tl iit rear of said first position 
30 A method according to claim * . wherein a 
belt or rope is previously passed through said 
tubul;tr lining material Over its full length and 

70 drtiwi^ fron) the opposite end of said pipe while 
applying said fluid pressure to said tubular lining 
material in rear of the annular fixed portion. 

3 1 . A method according to claim 1 . wherein 
after application of said tubular lining material 

75 onto the inner surface of said pipe through said 
liquid resin, said tubular lining material is peeled 
off and removed from said pipe by drawing said 
belt or rope backward to retain a coating of resin 
as a lining on the inner surface of said pipe. 

80 32. A method according to claim 3 1 , wherein 
the treatment ite repeated using a two-component 
liquid resin. 

33. A method according to claim 3 1 . wherein 
after application of said liquid resin alone onto the 

85 inner surface of said pipe, said tubular lining 
material alone or with another liquid resin is 
applied with evaginaiion onto the inner surface of 
said pipe. 

34. An apparatus for providing the inner 
90 surface of a pipe with a flexible tubular lining 

material which comprises a pressurizing 
evagination device comprising a pressure 
container, a connecting assembly connected to 
the front end of the pressure container and 
95 capable of annularly fixing one end of a flexible 
tubular lining material, at least one squeezing 
device mounted to the rear end of the pressure 
container for squeezing the tubular lining material 
in flattened slate, a pressure cylinder extending 

100 from the rear end of the pressure container and at 
least one sealing device permitting passage of the 
tubular lining material therethrough while 
maintaining air- tightness of the pressure cylinder, 
and a supply device for the tubular lining material 

105 placed to the rear of the pressurizing evagination 
device, means for forming a reservoir of a liquid 
resin in the interior of the tubular lining material in 
the portion which in operation passes through the 
pressure cylinder, and the pressure container and 

1 10 the pressure cylinder being provided with inlets 
for pressurized fluid capable of acting on one 
hand on the rear of the fixed portion of the tubular 
lining material to form a turning point to the rear 
of the fixed portion and of pushing the tubular 

1 1 5 lining material forwards within a pipe while 

turning the material inside out and on the other 
hand on the reservoir externally at all times in said 
pressure cylinder. 

35. An apparatus according to claim 34, 

1 20 wherein said connecting assembly is integrally 
connected to the front end of said pressure 
container. 

36. An app.ua:^', according to claim 34. 
wherein said tor-.rv.'crif^g assembly is connected 

125 through a .nduction pipe to the front end 

of said pr» bSw'<r Cf)ntainer. 

37. Ai". app.:Vt:i;s according to claim 34. 
wliere. . b;t j: :o:v ^rtlng assembly is connected 
to the enr; <jf :i ; ;>v tc which said tubular lining 

130 material IS to t>v .lypiiod 



whc»'*>n SiliM SH'i»'»:/ iuj flevi' t* iS ii silt tofnied ()t> 
th« reaf end Siiftac*; t)< s.int pfessure containor. 
39. An apparatus accorclinij \o claim 34. 
5 whereifi said siiuct'/tfu^ dt:vtce con>pnses a shelf 
plai»; a uonit? i:ir.:uiar in cross section mounted at 
a disianct! al)ove sat(t sholf plat*.* and a moving 
plato roialable aruoful the cenlral position of said 
dome as anis of roiaiiofi and haviiuj a rear end 

10 af^(J both side ends s!idat»iv contacted with the 
inner surfaces of said dome and both side walls 
ihoMuif and s<^li^M^/l:s said tohular lining n^ateriat 
in flattened state l)»!t\vften the front end of said 
moving plate and said shelf plate. 

1 5 40. An apparatus according to claim 39. 
wherein said moving plate comprises a basal 
plate a squeezing plate projecting at thedront end 
from said basal plate and a seal interposed 
between said basal plate and squeezing plate and 

20 squeezes said tubular lining material between the 
front end of said squeezing plate and said shelf 
plate. 

4 1 . An apparatus according to claim 39. 
wherein said shelf plate provided in the position 

25 facing the front end of said moving plate with a 
paent panel projecting upwardly. 

42. An apparatus according to claim 39. 
wherein said moving plate is driven by means of a 
rotary cylinder. 

30 43. An apparatus according to claim 34. 

wherein a shelf extending backwards is fitted to 
the lower rear side of said squeezing device. 

44. An apparatus according to claim 43. 
wherein said shelf is a ptate. 

35 45. An apparatus according to claim 43. 
wherein said shelf is constructed by a pair of 
frames fitted to the lower rear side of said 
squeezing device and a number of rollers 
mounted to said frarnes. 

40 46. An apparatus according to claim 34, 
wherein said sealing device comprises a slit 
formed on the rear end of said pressure cylinder. 

47. An apparatus according to claim 46. 
wherein said slit is formed in the portion higher 

45 than said squeezing device. 

48. An apparatus according to claim 34. 
wherein said sealing device comprises first and 
second variable squeezing devices fitted to the 
middle portion a'^d the rear portion respectively. 

50 of said pressu'e zyllnder and take the first 

working mode wherein said tubular lining material 
is squeezed in flattened state and the second 
working mode wherein said tubular lining material 
is relieved from the squeezing action and wherein 

55 said tubular lining material is alternately squeezed 
by said first and second variable squeezing 
devices under fluid pressure applied at all times to 
said pressure cylinder. 

49. An apparatus according to claim 48. 

60 wherein said first and second variable squeeziny 
devices each comprise a shelf plate mounted 
below the path of said tubular lining material a 
semi cylindrical dome above said shelf plate at a 
distance, and a moving plate, rotaiable around the 

65 central pos'tion of said dome as an axis of rotation 



and luivinij .i r«:.ti t.wtil .md hotli bidif t.Midh shdabty 
conlai With thi* iiini.'f surftict.'S of saiil dome 
and txiui sidt* walls (hef(.M>f, and rotation of said 
moving plate enables S(iut)czing of saul tubular 
70 ttniiu) (M*iierial tn flaitene<( state between said 
shelf plate aniJ the front iind of said moving plate 
and rchevifU) of said tubular lining material from 
squt;e/HU| 

50. An apparatus according to claim 49. 
75 wherein said frotu end of said moving plate 
compris'is a rubtji.'r clastic niaterial. 

5 ) . An apparatus according to claim 49. 
wherein the portion of said shelf plate facing said 
fiont end of said moving plate comprises a rubber 
80 elastic material. 

52. Ar» apparatus according to claim 50, 
wherein said moving plate comprises a basal 
plate supported in the central part of both sides 
with a shaft to be freely rotatable. a squeezing 

85 plate made of a rubber elastic material having a 
front end projecting from the front end of said 
basal plate, and a pressing plate fixing said 
squeezing plate to said basal plate. 

53. An apparatus according to claim 52» 
90 wherein said squeezing plate is substantially in 

accord in both side ends and in the rear end with 
the basal plate for sealing the space between said 
dome and said side walls. 

54. An apparatus according to claim 49. tlie 
95 portion of said shelf plate facing the front end of 

said moving plate is provided with a panel 
projecting upwardly. 

55. An apparatus according to claim 49, 
wherein said moving plate is driven by means of a 

100 notary cylinder. 

56 An apparatus according to claim 4 1 . 
wherein said first and second variable squeezing 
devices are provided with an air pressure circuit 
actuating a rotary cylinder so as to squeeze said 

105 tubular lining material alternately at definite 
intervals. 

57. An apparatus according to claim 48. 
wherein supporting shelves for supporting said 
tubular lining material is fitted below the path of 

I 10 said tubular lining material in rear of said first and 

second variat}le squeezing devices. 

58 An apparatus according to claim 34, 
wherein said sealing device comprises slits 
formed in the middle part and the rear part of said 

I I 5 prcssu»^e cylindrtr and the portion between said 

slits in said pressure cylinder is intermittently 
pressurized. 

59. An apparatus according to claim 34. 
wherein an evagination velocity controlling 

1 20 assembly for said tubular lining material is 
provided 

60. An apparatus according to claim 59, 
wherein said evagination velocity controlling 

ass'.rntjtv comprises nippifnj ro'!s fa'zing each 
125 oth*;' tf^.rough s;j".fl luhuia? lining rnaterial. 

61 A'-! apparattjs accoMimg to ciaim 59, 
whi."'.'i'. sa;d evagination velocity controlling 
ass<'rr>b*v 'yj'T". prises facing caterptliar belts 

130 6? >••' jrjtj.r'a'us acrof) ng to c!aim 5 7. 
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whefcm s.iu) ovuynuition velocity conifolliny 
assembly fof said tubular lining material is 
provided wiili facing protuberances through said 
tubular lining material. 
5 63 An apparatus according to claim 59, 
wherein said evaginaiion velocity controlling 
assembly comprises a pair of facing rolls finding a 
path of S letter for said tubular lining material. 

64. An apparatus according to claim 59, 
10 wherein said evaginaiion velocity controlling 

assembly for said tubular lining material is 
provided to the rear of said pressurizing 
evagination device. 

65. An apparatus according to claim 59. 

1 5 wherein said evagination velocity controlling 
assembly is provided within said pressure 
container. 

66. An apparatus according to claim 59. 
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vvhen'»n s.nd cvjijhuUm)m velocity t:ontrolling 
20 assenU)lv allows said tubular lining material to 
advance J! an jimost constant velocity. 

67. An apparatus according to claim 34. 
wherein said pressurizing nva(jif>ation device and 
saitJ Supply device for said tubular lining material 

25 are carried on platform cars. 

68. An apparatus as claimed in claim 34. 
subsianiially as hereinbefore described with 
reference to and as illustrated in the 
accompanying drawings, 

30 69. A method as claimed in claim 1 

substantially as hereinbefore described with 
reference to the accompanying drawings. 

70. A pipe which has been lined with a flexible 
tubular lining material by a method as claimed in 

35 any one of claims 1 to 33 or claim 69, 



Prirned for Hsr Majesty's Stationery Office by the Courier Press. Leamingtori Spa. 1 980. Published by the Patent Office, 
25 Soolhampton Buildings. London. WC2A 1 AY. from which copies may be obtained. 



